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Dr. Robert Meredith Janes
1894-1966
f i' i
*SSUe ° , le Canadian Journal o f Surgery is presented as a tribute to the memory
ot Di. Robert M. Janes by those whose good fortune it was to receive their surgical trainmg under his direction and leadership during the years he served as Professor of Surgery at
the University of Toronto.
That lelationship was not limited to one of teacher and student, for we enjoyed as
" r i f ® Cat Privi'ege °f his friendship. In 1954, some of his earliest proteges formed a group
which became known as the Janes Surgical Society, of which he was the Patron. This Society
has nourished and its membership has greatly increased. Dr. Janes never failed to attend its
annual meetings and to infuse them with his own warm and lively spirit,
i
/^| 0^c,^le scientific papers that compose this memorial issue have been written by memoers of the Society. It is a special pleasure to acknowledge the contribution of one of our
Honorary Members, Sir Charles Illingworth.
Om appreciation is expressed to Dr. W. K. Lindsay, whose dedicated efforts in trans
lating the idea of this issue into a reality have made its publication possible.
B r u c e S. W e l l s ,
President,
Janes Surgical Society.
It is appropriate that an issue of the Canadian Jou rn al o f Surgery be dedicated to the
late Dr. Robert Janes. It was his foresight, enthusiasm and confidence in Canadian sur
gery and surgeons that led to the establishment of the Journal in 1957. He served as Chairman of the Editorial Board during the critical first seven years of the Journal’s history, when
standards were set and format determined.
Dr. Delaney in this issue has given an account of Dr. Janes’ many accomplishments
as a surgeon, educator and medical statesman. The variety and excellence of the papers pro
vided by the members of the Janes Surgical Society, who are his postgraduate pupils,
attest to the quality of the surgical training in the Toronto school during the period when
the program was directed by Dr. Janes.
F . G. K e r g in ,
Chairman,
Editorial Board.
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DR. ROBERT M EREDITH JANES (1894-1966):
PROFESSOR OF SURGERY, UNIVERSITY OF TORONTO (1947-1957)
R. J. DELANEY, M.D., F.R.C.S.JC], F.A.C.S., Barrie, Out.

“No good surgeon uses his fingers when
he could have used scissors, and no good
surgeon uses scissors when he could have
used a knife.” These oft-spoken words of
wisdom will be familiar to many students
and associates of Dr. Robert Meredith
Janes, who quoted Baird Hastings: “What
I, at least, treasure most when I think of
the past, is not my research or my published
papers; it is my students, my medical stu
dents, my graduate students and my post
doctoral students.”1 Dr. Janes was a man
who held nothing more precious than his
students at all levels. It is said that his real
goal in life was to be a great teacher. In
pursuing this goal, he displayed a unique
genius, and has been properly described
as one of the finest teachers the University
of Toronto Medical School has produced.
In 1947, Dr. Janes succeeded his old
teacher and friend, Dr. W. E. Gallie, as
Professor of Surgery, University of To
ronto, and as Surgeon-in-Chief of the
Toronto General Hospital, posts which he
fulfilled superbly until 1957. There were
manifold problems in the postwar period:
many young veterans were returning from
the medical services of the Armed Forces
seeking training in surgery, the research
facilities and financial support of the de
partment were in desperate need of expan
sion, and the Toronto General Hospital
was embarking on a major building pro
gram. He seized the opportunity of de
veloping still further the first-class training
program which W. E. Gallie had instituted
and which had already given Toronto an
excellent reputation for surgical training.
Support for research was found and facili
ties were provided.2 Generations of gradu
ates will remember his logical, commonsense teaching and his stress upon the
fundamentals of anatomy, physiology and
pathology. Dr. Janes felt that the science
of surgery was easier to teach than the art
and that, to a large extent, the art must
wait upon experience. Great advances in

the sciences and then- application to sur
gery have been made in the last few de
cades, but the art of surgery still plays an
important role. For the maximum of suc
cess, Dr. Janes felt that there must be a
happy marriage of both the sciences and
the art. He believed that much could be
learned from the experience of others and
he acknowledged his own great debt to
long association with wise teachers.3 In the
discharging of this debt he gave his time,
energy and knowledge to young men in a
most unselfish fashion and with great de
light. The high esteem in which he was
held by his undergraduate students was
demonstrated at the annual banquet of the
Medical Alumni Association in June 1957,
when he was guest of honour and was
presented with a silver tray inscribed, in
Latin, “to a great teacher and a master
surgeon”.
Few surgeons excelled in as many re
lated fields as did Robert Janes. He was
not only a superb technical surgeon, but
also a wise clinician, the ideal consultant.
While he guided the Department of Sur
gery at the University of Toronto with
skill, wisdom and firmness, he was interest
ed in surgery on an international scale.
During this period he also served the
Royal College of Physicians and Surgeons
of Canada as a member of Council from
1949 to 1959, as Vice President (Surgery)
from 1951 to 1953, and President from
1955 to 1957. His good judgment did much
to guide and shape the policy of the Col
lege, and in particular his courageous and
optimistic outlook as President was a de
cisive factor in the decision to construct
the new College building.
He was one of the most active sup
porters of the exchange Professorships be
tween the University of Toronto and the
Middlesex Hospital Medical School, Lon
don, England. As the visiting Professor of
Surgery at the Middlesex Hospital in the
spring of 1957 he endeared himself to the
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staff and students at the Middlesex by
entering completely into every aspect of
the life of both the Hospital and the
School. On that same visit he gave the
Moynihan Lecture of the Royal College
of Surgeons of England and represented
the Canadian Royal College of Physicians
and Surgeons at the opening of the Nuf
field Foundation Building which adjoins
the Royal College of Surgeons, London.
He was a founder member of the Ameri
can Board of Thoracic Surgery in 1948. In
1953 he was elected President of the Ameri
can Association for Thoracic Surgery, a
signal honour for a Canadian in an Associa
tion predominantly American. During his
years as Professor of Surgery, he received
many honours and was appointed to many
offices of high responsibility in several
countries. He was made an Honorary
Member of the British Association for
Thoracic Surgery and an Honorary Fellow
of the Royal College of Surgeons of Eng
land, the Royal Society of Medicine, the
Los Angeles Surgical Society, the Chicago
Surgical Society, and the British Columbia
Surgical Society. Added to these distinc
tions was a rather more personal one which
was held with equal pride—an Honorary
Member of the Lambton County Medical
Society (his old home county). Before he
was appointed Professor of Surgery he had
been made a Regent of the American Col
lege of Surgeons; he continued to fill this
office until 1955.
At home he played a leading role in the
extensive building program of the Toronto
General Hospital and he found time to
contribute no less than 24 articles to the
medical literature. Although a leader in
thoracic surgery, he remained an outstand
ing general surgeon, and his publications
covered a wide variety of subjects. While
12 of these dealt with chest and pulmon
ary surgery, the remainder were on such
subjects as the training of surgeons, throm
bosis and antithrombotics, carcinoma of
the breast, gallbladder surgery, postopera
tive complications and mastitis. His publi
cations on surgery of the parotid gland
made him a worldwide authority on this
subject.
When one reads the medical publica
tions of Dr. Janes a few features immedi
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ately become apparent. If, as Anatole
France once said, “supreme talent” con
sists “of writing very simply about very
complicated matters”, then Dr. Janes
demonstrated “supreme talent”. He had an
amazing knowledge of world literature and
freely gave credit where credit was due.
None of his articles represented a compila
tion of material by his resident staff which
carried his name as a stamp of approval:
his publications were precise and obviously
the result of his own time, effort and vast
knowledge.
While he served on the Editorial Boards
of several journals, his greatest literary
responsibilities came in 1956 when he was
chosen first Chairman of the Editorial
Board of the new C anadian Journal o f
Surgery. The success which the Journal
has enjoyed gave him great pleasure, and
this success has been due in part to the
wise guidance which he continued to offer
until he retired from the office of Chair
man in 1965.
Like so many of our great doctors of his
generation, Robert Meredith Janes was
born on a farm. The Janes farm, where he
was born on September 6, 1894, is near
Watford in Lambton County in western
Ontario, near Sarnia. He never lost his
love for the land. His primary schooling
was obtained at Warwick S.S. No. 1, and
at the age of 12 he registered in Watford
High School for his secondary education,
graduating in June 1911.
The Janes family is believed to be of
Welsh origin. His grandfather Samuel
Meredith Janes, was born in Glastonbury,
Somerset, England. Dr. Janes’s father, W il
liam, came to Canada with his parents
(Samuel and Anna) and settled in south
western Ontario. He was a good student at
Watford and enjoyed his farm life. It is
reputed that there was a Robert Janes, a
surgeon in Glastonbury in 1844. Dr. Janes’s
father had two brothers, Samuel and Tom,
who were both doctors. His mother’s
youngest brother, Jim McGillicuddy, was a
doctor in Lansing, Michigan, and he had
two sons who were both doctors. Dr. Janes
admired and patterned his life after his
favourite uncle, Jim McGillicuddv. One of
Dr. Janes’s brothers was Dr. Ernest C.
Janes, a wellknown surgeon in Hamilton,
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Ontario. He also had a sister, Evelyn, who
graduated as a nurse from St. Joseph’s
Hospital, London, and a brother, Lome,
who was Director of Dental Services for
the Canadian Army overseas in the Second
World War. Two other brothers, Kenneth
and Eusebeus, remained on the farm, and
the latter was elected to the Provincial
Legislature where he remained until his
retirement, never being defeated in an
election.
Dr. Janes entered the Faculty of Medi
cine, University of Toronto, in 1911. He
was ready to enter his final year of Medi
cine when he enlisted as an Infantry
Private hoping to get overseas rapidly dur
ing World War I. He was disappointed
when medical students were forced back
to school to finish their courses so that
there would be enough medical officers
for the Canadian Expeditionary Force.
While a student at the University of To
ronto he was one of four of his year to be
elected to the A.O.A. Honorary Medical
Fraternity, and in his final year he was
elected A.O.A. President.
Upon graduation in 1916 he enlisted in
the Canadian Army Medical Corps, and
was shortly afterwards sent abroad where
he served in England and France until
1919. Fortunately, his war service was
chiefly in the laboratory and this gave him
a secure foundation of bacteriology and
pathology for his later training in surgery.
It was in this capacity that his first con
tribution to medical literature appeared in
reference to wound infections. When Drs.
J. G. Fitzgerald and D. E. Robertson re
ported that wounded men of the C.E.F.
were being returned to Canada from over
seas with diphtheroid wound infections,
their report resulted in a combined inquiry
of Canadian pathologists in England who
failed to find any considerable evidence of
this infection. Dr. Janes was not satisfied
with the way in which this investigation
had been carried out, and he instigated
another investigation of orthopedic cases
at the Granville Canadian Special Hospital
at Buxton, England, with Dr. Newton
Thomas. They found practically the same
percentage of diphtheric wounds as had
been reported from Canada. His published
results supporting the reports of Drs.
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Robertson and Fitzgerald became the basis
of a long-lasting friendship among them.
Following the war he undertook what
for men of his time was an unusually ex
tensive postgraduate training in surgery,
because he was certain of its importance
for the adequate preparation of qualified
surgeons. While house surgeon and then
resident surgeon in the Hospital for Sick
Children, Toronto from 1919 to 1921, he
was also an assistant in anatomy at the
University of Toronto in 1920 at the
princely yearly stipend of $50.00. He went
back to England in 1922, to St. Bartholo
mew’s Hospital, London, and finally re
turned as resident surgeon at the Toronto
General Hospital in 1922-23 to complete
his surgical training. In 1923 he was ap
pointed to the surgical staff of the Toronto
General Hospital and commenced an as
sociation with the University of Toronto
that was to continue actively for 34 years.
Lister died in 1912, one year after Dr.
Janes became a medical student, yet even
then it was difficult for his generation to
appreciate what surgical wards must have
been like in the days before Lister.
Equally, it is difficult for us to picture the
type of patients young Janes faced as a
junior demonstrator for the University and
assistant surgeon at Toronto General Hos
pital. When the third Toronto General
Hospital opened in 1913, it was regarded
as one of the most modern on the North
American continent. Surgical patients were,
however, accommodated in three general
surgical wards, and no provision was made
for the specialties since none existed.
Urology was just beginning to branch off
because of the newer methods of investi
gation made possible by the development
of new instruments. Many of the problems
in the wards had to do with infection—
ulcers (both varicose and syphilitic), cellu
litis, boils, carbuncles, osteomyelitis, teno
synovitis, septic arthritis, tuberculosis and
syphilis. Syphilis was the only infection for
which there was specific therapy. Salvarsan
(606) was just coming into use, but mer
cury and iodides were still standard treat
ment. Erysipelas was common, and in the
young and the very old was often fatal.
Infected wounds of various kinds were so
common as to occupy the time of a dressing
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nurse, and during the teaching session an
extra couple of hours each morning con
tributed by a final year student. As a house
surgeon, Dr. Janes’s weekly Sunday morn
ing chore was to see to all dressings in
order to be familiar with the progress of
wounds.1
While he was a junior surgeon, infec
tions were treated by incision and drain
age, and there was the never-ending quest
for the ideal antiseptic which would kill
the bacteria but not the tissue cells—a
quest that was, of course, doomed to
failure. The principles of immunity were
poorly understood. It was common prac
tice to incise a spreading subcutaneous
cellulitis in the hope of limiting its prog
ress, to open boils early and to incise an
acute mastitis while it was still a cellulitis.
Tuberculosis of bones and joints was ex
tremely common. Wards of the Children’s
Hospital were full of advanced cases,
many with abscesses, and all too many of
these were secondarily infected with pyo
genic organisms. Many of the latter group
of patients developed amyloid disease. Dr.
Janes’s chief at that time, Professor Clar
ence Starr, achieved international recogni
tion by being the first to advocate surgical
evacuation of tuberculous abscesses and
immediate closure to avoid the dreaded
secondary infection.
Thyroidectomy was an uncommon and
dangerous operation. Cholecystectomy was
just beginning to supplant cholecystostomy,
and major gastrointestinal surgery was in
its infancy. Diagnosis was largely clinical,
and x-ray films did not replace glass plates
until around 1924 or 1925. Chest plates,
although helpful, were of poor quality.
Cholecystography awaited the description
of the excretory test by Graham and Cole
in 1924.
Thoracic empyema was extremely com
mon but ineffectually treated. Janes’s early
days as a house physician coincided with
an epidemic of pneumonia, and many of
the patients developed empyema. As soon
as purulent fluid was discovered in the
pleural space, a patient was transferred to
the surgical side as an emergency where a
rib resection was done and open drainage
established under general anesthesia. The
mortality was appalling. Chronic bronchitis
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was a common diagnosis before 1922 when
Forrestier described the Lipiodol bronchogram. Many of these patients must have
had bronchiectasis. Pulmonary embolism
was rarely recognized. Wards held many
cases of advanced and hopeless cancer.
Anesthesia could scarcely be called a
science in those days because the prin
ciples upon which modern practice is
based were not understood. Many of the
patients suffered from prolonged hypoxia
which accounted for the postoperative rest
lessness, probably for personality changes
sometimes attributed to an operation, and
for the occasional patient reduced to a
vegetable existence. The patient who re
ceived 500 c.c. of normal saline sub
cutaneously or of tap-water by rectum was
thought to be adequately hydrated. The
use of citrated blood was first described in
1914, but the indications for its use and the
amount of blood needed were not gen
erally appreciated until the Second World
War.'1
Thus, Dr. Janes began his surgical
career in an era when the advancement of
knowledge in physiology and surgical
technique progressed at a rate difficult to
imagine. To have taken part in that prog
ress by expanding his own knowledge in
many areas was an early demonstration of
his outstanding ability. During the decade
ending in 1930 he contributed articles to
the medical literature on the subjects of
blood transfusion, surgical treatment after
industrial accident cases, healing of frac
tures, hemolytic jaundice associated with
splenomegaly, tuberculous empyema and
intestinal obstruction.
But it was to the young and struggling
specialty of thoracic surgery that he made
his greatest contribution. Upon joining the
staff of the Toronto General Hospital in
1923, he became associated with that other
great general surgeon, Norman Shenstone,
and the association continued for over 20
years until Dr. Shenstone’s retirement from
the Hospital in 1946, Dr. Janes’s name was
linked with Dr. Shenstone’s in all their
early work in the field of thoracic surgery.
They were leaders in this field in Canada,
and were in fact recognized as such in the
whole of North America and in England.
At that time surgeons throughout the
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world were attempting to evolve an im
proved technique for lung resection to al
leviate the suffering of patients affected by
bronchiectasis, chronic lung abscess and
tumour. The methods then practised were
crude and associated with prolonged mor
bidity and a mortality rate of about 5 0 % .4
Samuel Robinson in his presidential ad
dress before the American Association for
Thoracic Surgery in 1923 painted a picture
which might well have discouraged all but
the most venturesome. His description of
the typical operation is a classic:
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tinued to remain high— for removal of a
single lobe in unselected cases, 4 7 % ; for
more than one lobe, 70% . In 1929, Harold
Brunn published an article on “Surgical
Principles Underlying One Stage Lobec
tomy” which represents another landmark
in surgical treatment of bronchiectasis. He
had operated upon six cases with one
death. In 1929, Drs. Shenstone and Janes
invented the lung tourniquet which, for
the first time, made resection of a lobe or
even a whole lung relatively simple and
safe.® A preliminary report of their experi
ences with the use of the specially de
The patient is placed on the operating table, signed lung tourniquet to control the stump
the posture is uncomfortable. There may be while the lobe was being further ampu
cyanosis. It induces coughing. The anaesthetist
tated and the stump oversewn was pub
is greeted by an evacuation of a large amount
lished
in 1932. The following year, a fur
of pungent, purulent sputum incident to the
ther
report
was published by Dr. Janes in
posture on the table. The whole bronchial tree
may be filled with this material as the anaes the British Jou rn al o f Surgery. Perhaps
thetist begins. If regional blocking and para only those who have a special interest in
vertebral procainization is carried out, the thoracic surgery can appreciate what a
pleura is no sooner opened and traction on tremendous contribution Shenstone and
the diaphragm commenced, than the need of Janes made and the effect which it had
general anaesthesia is obvious. As the secre upon pulmonary surgery. It dispelled cer
tions well toward the trachea, the cyanosis in tain fallacies that had existed in regard to
creases. The lower lobe obstinately resists
surgery of the chest, and for the first time
being delivered. The pleural adhesions are
strong and wide-spread. The attachments to made it possible for surgeons in many
the diaphragm are rope-like and tenacious. countries to perform lobectomies with
Finger dissection is inadequate, work with the what was regarded at that time as an ac
knife and scissors is blind. Cleavages are ceptable mortality and to familiarize them
sought in vain, the pericardium is dangerously selves with the anatomical and physiologi
involved in adhesions. Meanwhile the patient’s cal problems involved. An important by
condition may become distressing and perhaps product of this advance in technique was
alarming. If open pneumothorax is adding in that, for the first time, fresh tissue became
sult to injury, the lung cannot be used to available for the study of the pathology
plug the thoracic gap because the lobe is not
and bacteriology of lung disease.5
deliverable. If differential pressure is being
Dr. Janes was promoted to the rank of
employed, that too may be acting badly. The
Senior
Surgeon at the Toronto General
mucopurulent secretions may interfere with
proper intratracheal aspiration. It interferes Hospital in 1930, and was appointed As
with the respiration under positive pressure. sistant Professor of Surgery at the Univer
There may be cyanosis even with the head sity of Toronto in 1946. During this time
outside a negative pressure cabinet and then he made many important contributions to
the difficulties multiply. The complete libera the fields of general and thoracic surgery
tion at one sitting may have to be abandoned. and published 20 additional papers on a
There is bleeding and leakage from the lung wide variety of subjects—pancreatic disease,
and bleeding from the diaphragm. Tight clo
salivary gland surgery, breast cancer, rectal
sure without drainage seems inadvisable under
cancer
and 13 papers related to thoracic
such conditions and yet necessary to avoid the
ills of post-operative pneumothorax. Suddenly surgery. He described one of the early
it is obviously time to return the patient to series of diverticula of the lower esopha
gus treated by excision, and wrote a classic
his bed. Not much has been accomplished.5
paper on chest wall tumours. As the first
The progress through the remainder of consultant in thoracic surgery to the To
the 1920’s was slow and the mortality con ronto Hospital for Tuberculosis from 1925
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Fig. 2.—Professor Janes, co-chairman of the
meeting of the Janes Society at the Middlesex
Hospital, London, October 1964.
Fig. 1.—Professor
“Our British Hosts”
Janes Society in the
lege of Surgeons of

Janes proposing a toast to
at the annual banquet of the
Great Hall of the Royal Col
England in London.

to 1947, he shared in the development of
the various techniques of thoracoplasty
and was a pioneer in advocating and prac
tising lobectomy for certain tuberculous
lesions before antituberculous drugs were
available. As Consultant to the Radio
therapy Clinic at the Toronto General
Hospital he became equally well known
for the contributions which he made, in
association with Dr. Gordon Richards, in
the management of advanced breast cancer
by a combination of radiotherapy and
surgical extirpation.
He was elected to Resident Fellowship
in the Academy of Medicine of Toronto in
1922, and over the years he gave it steady
support and served it in several capacities,
as a member of Council, Chairman of the
section of surgery, and Chairman of the
program committee.
In 1955, while he was still Professor of
Surgery, a group of 20 surgeons with a
common bond, together with their wives,
gathered in Ottawa to hold an inaugural
scientific meeting. From this nucleus grew

a society of 114 members, the require
ments for membership being graduation in
Medicine between 1943 and 1953 and at
least three years of postgraduate training
in surgery under the direction of Professor
Robert Meredith Janes. It was only fitting
that this group elected to be known as the
Janes Surgical Society and it was honoured
by Dr. and Mrs. Janes’s acceptance of the
invitation to be their patrons. From that
time on, the annual meetings of the So
ciety were graced by the presence of Dr.
Janes and his charming wife— a presence
which the Society anticipated, cherished,
and desired with increasing pride. Through
their enthusiasm and quiet encouragement,
the regular scientific and social meetings
became an annual highlight. Dr. Janes’s
world renown and his many friends on
both sides of the border and on both sides
of the Atlantic gave the members the op
portunity to meet many leaders in the sur
gical world. The tenth anniversary of the
Society celebrated his 70th birthday in
1964 by meetings in Glasgow, Edinburgh,
and London, culminating in a dinner at
the Royal College of Surgeons, London,
England (Figs. 1 and 2). The meetings
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were highlighted by the gracious hospi
tality of his many personal friends.2
A man is indeed honoured when his
former pupils think so highly of him that
they form a group to bear his name. The
members of the Janes Surgical Society felt
it a great privilege to have had such an
opportunity and to have served their ap
prenticeship under his guidance. While
this was a particular and personal honour
which gave Dr. Janes much satisfaction,
each of the members benefited in some
way by their association with him, first as
students, later as colleagues.
Incorporated in the official emblem of
the Society is the Janes lung tourniquet. At
their annual meeting in May 1967, Mrs.
Janes presented to the Society a beautiful
hand carved gavel designed and executed
by a friend and master craftsman. She said
that Dr. Janes had taken considerable
pleasure and interest in the creation of
this gift. The design was that of the lung
tourniquet devised by Drs. Shenstone and
Janes in the early days of pulmonary sur
gery, and the gavel was made from the
wood of one of the old oaken benches of
the old Toronto General Hospital (Fig. 3).
In June 1957, Dr. Janes formally ended
his term as Professor of Surgery and was
succeeded by Dr. F. G. Kergin; he was ap-

Fig. 3.—This gavel, hand carved from an oak
bench in the old Toronto General Hospital and a
replica of the original lung tourniquet, was pre
sented to the Janes Surgical Society by Mrs. R. M.
Janes.
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pointed Professor Emeritus of Surgery. On
the occasion of his retirement as Professor,
Dr. Sidney Smith, President of the Univer
sity of Toronto, wrote, “I am directed by
the Board of Governors to say that this
action is taken in recognition of the splen
did service that you have given to the
Faculty of Medicine for the past 37 years.
You have built much into the fabric of our
medical school and of the University as a
whole. Medicine has been enriched by
your research, your colleagues have benefitted from your wisdom, and generations
of your students will testify to the lasting
value of your teaching.”
After his retirement from the Chair of
Professor of Surgery, Dr. Janes did any
thing but withdraw from contact with
medicine. He took his retirement as an op
portunity to widen his interests and accept
new responsibilities. He continued his writ
ing and published eight more articles over
the next seven years touching on the train
ing of surgeons, carcinoma of the breast,
postoperative complications, malignant
duodenocolic fistula, and memories of 45
years in surgery. Up until his final illness
he was engaged in writing a history of the
Toronto General Hospital for which he had
painstakingly accumulated a large amount
of material.
Many honours and awards continued to
be showered on him. The luxury of an un
hampered private practice was short lived.
The first four months of 1958 were spent
as the Sims Commonwealth Travelling
Professor, a fellowship established by Sir
Arthur Sims of New Zealand to enable
outstanding professors of medicine and
surgery to visit other Commonwealth
countries and to exchange views of medi
cine, an appointment made by the Royal
College of Surgeons of England. With Mrs.
Janes he visited the Medical Schools of the
West Indies and of the Commonwealth
countries of Africa. By their warm interest
in the local problems of these developing
countries they won many friends for Can
ada. This experience culminated in a
dinner at the Royal College of Surgeons of
England where he gave his report of the
trip.2
Upon his return to Canada, he con
tinued his teaching interests by accepting
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the appointment of Chief Consultant in
Surgery at the Humber Memorial Hospital
in January 1959. Here he conducted
weekly surgical rounds and was available
for direct consultation about difficult cases.
This arrangement constituted a pilot plan
to see if it could be adapted to other peri
pheral hospitals in Toronto in an attempt
to improve continuing education in hospi
tals outside the University sphere. He was
consulted on many difficult diagnostic
problems and was hesitant to operate or
take over a case from another consultant
even though the family, family doctor, or
consultant himself might have wanted him
to do so. Often when a case was mis
handled he would be so subtle in his re
marks that the reprimand they implied
would only be recognized several days
later. In spite of the fact that he no longer
was chairing medical meetings, he con
tinued his medical reading and knew as
much of the recent literature as any of the
other surgeons in the hospital. He enjoyed
the company of younger men and enjoyed
the stimulus of any discussion or argu
ment. On many occasions he was helpful
in advising the administration in the hos
pital, and the Administrator of the Hum
ber Memorial Hospital remembers him as
a man with a “will of iron”, malleable but
full of principle and immovable on points
which he considered important.8
He served on the Advisory Medical
Committee for planning the North York
General Hospital, ft was Dr. Janes who
told the initial Hospital Board of Direc
tors, and meetings of local citizens anxious
to encourage the building of a hospital,
that the new institution should be planned
to encourage the largest feasible number
of doctors to become associated with and
participate in the rendering of medical
services within it. He maintained that
there must be close association between
general practitioners and the hospital to
enable the former to keep up to date with
rapid developments in medical practice as
they occurred. With Drs. Farquharson and
Low he advised the new Board that the
compulsory retirement age of chiefs of de
partments of Toronto University Hospitals
was 62, but at that age the departmental
chiefs were just at their best. If the new
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hospital would make their retirement age
67 it would be possible to persuade chiefs
of departments of Toronto University Hos
pitals, upon retirement, to accept appoint
ments to these offices in the new hospital,
and thus utilize their immense experience
in the creation of competent medical staffs.
This advice was taken.7
In 1958, the international relief organi
zation, CARE, established its service,
M EDICO, and the Advisoiy Board of
CARE of Canada believed that a Cana
dian organization for its support would be
useful. Dr. Janes was the guiding spirit in
building this organization. When he was
approached, he reacted to the idea with
enthusiasm, and undertook to enlist the
support of the Canadian medical profes
sion. He organized a meeting which was
attended by a large and distinguished
group of doctors. The first M EDICO Ad
visory Board was formed from represen
tatives of each of the specialty groups and
Dr. Janes provided the leadership in rais
ing voluntary contributions to send the
first Canadian M EDICO team into the
field in October 1964.8 “You give a man a
fish, and you feed him for a day. You
teach a man to fish, and he feeds himself
for a lifetime.” With this philosophy Dr.
Janes took a profound personal interest in
the work of the team and, in addition, en
couraged many Canadian specialists to
make month-long voluntary visits, not only
to Malaysia, but also to other parts of the
world, to contribute their services where
they were needed. Because of his leader
ship and inspiration Canadians have a
more intense awareness of their obligation
to the sick and suffering of the world.
This awareness is an important part of Dr.
Janes’s legacy to mankind.8
During this time he was further
honoured by election to Senior Member
ship of the Ontario Medical Association
and Senior Membership of the Canadian
Medical Association. He was made an
Honorary Member of the Southwestern
Ontario Surgical Association, an Honorary
Life Member of the Ontario Thoracic
Society, an Honorary Fellow of the
Academy of Medicine, Toronto, an Hono
rary Life Member of the University of
Toronto Medical Alumni Association, and
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was awarded a Certificate of Merit by the
Canadian Cancer Society.
In 1964, at the age of 70, he retired
from active surgical practice while in full
possession of his surgical skill and judg
ment. His colleagues realized that this was
a wise, courageous, and difficult decision,
and many were the tributes he received
from former pupils, trainees, and col
leagues. As one wrote:
You will pardon me if I feel a bit sad to
hear of your retirement from operative surg
ery. However there is given to a teacher of
your stature a legacy that needs must be de
nied to all others. Every day for many years
to come you will be at work in operating
rooms where you have never been, operating
upon patients you have never known, through
the hands and minds of pupils you have
taught. You have brought to your office a
dignity with compassion that none of us shall
ever forget. You will leave behind a heritage
of sound surgical judgment, precise operative
technique, and devotion to teaching, in a
whole generation of surgeons who have been
your pupils.
Somehow, in the midst of his busy and
productive life, he found time to cultivate
other interests and hobbies. He had a
great appreciation of nature and loved to
work outdoors. He was happy when close
to the soil, gardening, felling trees at his
cottage, using rocks as paving stones and
making walks around his property. He en
joyed improving his cottage on the shore
of the Lake of Bays and, in his last years,
the country home which he had developed
at Campbellcroft. His hobby was making
furniture, both at home and in his work
shop at the cottage, and he also made toys
for his grandchildren. He was an enthusi
astic and expert photographer, and in later
years turned his interests to colour photog
raphy.2
He was a devoted member of the
Timothy Eaton Memorial Church, one of
its esteemed Elders, and he loved and
supported the opera and ballet. One of
his greatest pleasures was the search for
more knowledge, cultural or practical. His
reading included history—of religion, of
countries, of people—and archeology.
On September 10, 1923, Dr. Janes mar
ried Lilly Erland Kelly, and they later be
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came the parents of two daughters, Mary
(Mrs. Mary Gorrie) and Ann (Mrs. G. W.
Bahen). No small part of the popularity
and respect which Dr. Janes enjoyed in
his relations with his colleagues in Canada,
the United States, and Great Britain, was
due to the unfailing support of Mrs. Janes
and her warm personality which turned
casual acquaintanceship into lasting friend
ship.2 To all his academic activities there
was a social side which Mrs. Janes shared
most charmingly, and to friends the world
over they were simply Bob and Lil. They
were inseparable. Nevertheless “the prac
tice” was always completely separate from
their family life. A principle with Dr.
Janes was “never take your troubles home”,
and he never did.
To tiy to project Dr. Janes to the reader
is a formidable task, and of necessity much
must be left unsaid. To each man who
knew him, this man was something dif
ferent. To the general public he was Dr.
Janes, a dedicated, kindly doctor, a medi
cal man of stature. To the staff of the
Toronto General Hospital he was Professor
Janes, a man noted for his brilliant work
in lung surgery, his vast knowledge in all
aspects of surgeiy, his friendly advice
available at all times, and his constant in
terest in the surgical training of his interns.
His surgical technique was a delight to
watch. It was gentle, the dissection was
sharp, the moves were planned so that
without the slightest appearance of hurry,
the procedure was completed in a remark
ably short space of time. Dr. Janes’s ac
complishments were formidable, but he
was not. He was a gentle man, devoted to
the welfare of his patients, absolutely un
selfish, loyal to his ideals. To each member
of the Janes Surgical Society he was a
friend, a revered teacher, a brilliant sur
geon, and a fine gentleman.
However, no man is without idiosyn
crasies. He had an abhorrence of poor
English, particularly in medical writing,
and had a fetish for clean shoes and a neat
hairline. Some of his early army training
remained with him throughout his life,
and he had a habit of walking in step with
his colleagues, residents, and students. He
disliked dishonesty and laziness, mental or
physical, and while he was a bit critical in
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his early days (and what young man isn’t)
this phase passed and kindness and cour
tesy were shown to everyone from the
welfare patient to the millionaire. His
reputation was built upon complete in
tegrity, hard work, an open mind, a readi
ness to tread new roads, and the ability
to tread them well. His family remember
him as a man with a perfect disposition
who was always fair and kind. His elder
daughter said, “I know a completely dif
ferent side of him that most people never
did. Warmer, with all formality gone— yet
never his dignity— this is a side of the man
not too many people ever saw. H e was the
most tolerant human being that I am sure
that I will ever be privileged to know.”
Dr. Robert Meredith Janes died in To
ronto on November 23, 1966 and, while
already afflicted with fatal illness, 22 days
before his death he addressed the inaugu
ral banquet of the Toronto East General
and Orthopaedic Hospital Research Foun
dation. At the funeral service at the
Timothy Eaton Memorial Church in T o
ronto it was a moving sight when some 40
members of the Janes Surgical Society
entered the church together to pay their
respects to the Chief. On that occasion,
Dr. C. Andrew Lawson described him as
one of the finest men that he had been
privileged to know, standing for all that
was high and noble, and a Christian
gentleman in the best sense of the word.
Inscribed in the minutes of Council of
the Royal College of Physicians and Sur
geons of Canada is a Memorial Resolution:
W H E R E A S R obert M eredith Janes exem pli
fied all the highest attributes of the m edical
profession, and
W H E R E A S he was one of the great general
surgeons of his generation, a superb teacher,
an able academ ic administrator, a w ise m edi
cal statesman, a distinguished ambassador for
the Canadian m edical profession and,
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W H E R E A S he served this College as a M em 
ber of Council from 1 9 4 9 to 1 9 5 9 , as V icePresident, Surgery, from 1951 to 1 9 5 3 and as
President from 1953 to 1 9 5 7 , during w hich
long period of time his good judgem ent did
m uch to guide and shape C ollege policy
wisely, and in particular his courageous and
optim istic outlook as President was a decisive
facto r in the decision to construct our College
building,
R E I T T H E R E F O R E R E S O L V E D that this
Council express its great and sincere ap p recia
tion of his many services to the C ollege, its
profound regret at his passing, and that this
resolution b e inscribed upon the m inutes of
Council.

Aristotle said that “dignity does not con
sist in possessing honours, but in deserv
ing them”. Robert Meredith Janes had
dignity.
My gratitude goes out to those who have
responded so willingly and have aided in this
work. Mrs. R. M. Janes provided me with many
personal letters, clippings, and publications with
out which much of this account would have been
impossible. My thanks for personal communications
from Miss Jean F. Ratcliffe, Dr. Janes’s secretary
for 35 years, Mr. Clifford Sifton, Chairman, Board
of Directors. North York General Hospital, Dr.
F. L. Moffat, Humber Memorial Hospital, the
office of CARE MEDICO, and finally my secre
tary, Miss Mary Berthelotte, who typed the manu
script.
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THE CHANGING FACE OF SURGERY
SIR CHARLES FREDERICK WILLIAM ILLINGWORTH, C.B.E., M.D., Ch.M., LL.D .,
F.R.C.S., Hon. F.R.C.S.[C], Glasgow, Scotland.

I f ir s t met Bob Janes in 1927. I had been
working with Evarts Graham in St. Louis
and by July I was glad to throw off the
humid blanket of the Mississippi Valley and
make a tour. Toronto was my first port of
call. Bob was working for Dr. Shenstone
at that time. My memory of their hospital
work is dim but I have a clear recollection
of the golf course ( where I caddied for Dr.
Shenstone) and of the magnificent hospi
tality which followed.
Bob was beginning at that time to take
an interest in thoracic surgery, then in its
infancy. Evarts Graham, who had made his
reputation on the physiological approach
to pneumothorax, was treating bronchiec
tasis by methods which in retrospect seem
medieval, and at the time were sufficient
to deter me from a career in this specialty.
Dr. Shenstone, as I recall it, was mainly
concerned with thoracoplasty for tubercu
losis. Open operations on the lung were
rarely attempted, and always the septic in
fections, bronchopneumonia, empyema,
lung abscess and brain abscess cast their
ugly shadow.
It is unnecessary for me to trace in detail
the progress of surgery since that time or
to recite all the major advances, particular
ly in the cardiovascular field and, most re
cently, in transplantation. Rather, I shall try
to indicate some of the underlying patterns
of change which have made these advances
possible.
M a k in g

the

P a t ie n t S a f e

for

Surgery

Forty years ago, preoperative prepara
tion usually meant skin toilet and an enema.
More was done, of course, under special
indications, for example in hyperthyroidism
or intestinal obstruction or prostate disease,
but there was no systematic check-up, no
routine hematology, and the only blood test
which no intern would dare to omit was
the Wassermann reaction.
Perhaps the most important innovation
since those days is one we all tend to take
“Emeritus Professor of Surgery, University of
Glasgow, Glasgow, Scotland.

for granted, the blood transfusion service.
In 1923, as an intern on a busy surgical
service, I would set up a blood transfusion
about once a month. It was a major enter
prise. All the relatives were lined up for
testing. A beaker, a glass funnel, some rub
ber tubing and a collection of needles were
boiled in the instrument sterilizer. The
blood was drawn off into an open beaker
containing citrate solution, gently stirred
with a glass rod. It was then poured through
layers of gauze stretched over the open end
of the funnel connected directly to the re
cipient’s vein. One pint of blood was the
standard; more than three pints were quite
exceptional.
I recall that, about 1935 in Edinburgh, a
local dentist with a sense of mission col
lected a panel of voluntary donors who
gave over a hundred pints. Sometimes I
contrived to collect two or three units when
only one was needed and so by a subter
fuge started a bank of my own. Now in
Glasgow alone the bank handles more than
100,(XX) units a year.
It is obvious to those of us who have
lived through that era that much of the
elaborate preoperative preparation of the
present day is unnecessary, and indeed
wasteful. Yet it must not be neglected be
cause, once in a while, it saves the patient’s
life, it allows the surgeon to undertake ma
jor procedures from which otherwise he
might shrink, and in many aged, anemic or
otherwise unfit patients it has a marked in
fluence on the postoperative morbidity.
M ak in g Surgery Sa f e
P a t ie n t

fo r t h e

Three major developments have led to
an overall diminution in the risks of all
kinds of surgical operation, in addition to
the many special advances in particular
examples.
Antibiotics, invaluable as they have been
in the control of so many infective disord
ers, can be given only qualified approval
in relation to their influence on the immedi
ate postoperative course. They have elim-
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mated streptococcal infections and reduced
the incidence of the grosser forms of wound
sepsis due to other organisms; but we are
all familiar with the continued incidence
and danger of resistant strains. It is inter
esting to note that, in 1884, less than 20
years after Lister’s introduction of the anti
septic system, William Macewen reported a
series of 800 operations (osteotomy for
knock knee) with a sepsis rate of less than
1% . I suspect that few surgons would dare
to claim such good results nowadays.
A much more significant development,
in the particular relationship to operative
risk, is again one that we tend to take for
granted, the advance in anesthesiology.
Forty years ago in Britain, most anesthetics
were given by the intern. In the United
States nurse-anesthetists were the rule.
They gave ethyl chloride and ether com
petently, but no more. The more modern
anesthetics came into use about 1930, but
much more important was the introduction,
during the Second W orld War, of specialist
teams of anesthesiologists, and in Britain
by the time the Health Service came into
operation in 1948 they were established in
every hospital in the country. Their expert
administration and all the developments
that followed—attention to efficient aera
tion, control of blood pressure, acid-base
balance etc.—have relieved all but the most
severe operation of immediate hazard.
In the postoperative phase, undoubtedly
the greatest single factor in reducing the
risks of surgery has been what may be
called “bedside biochemistry”, the attention
paid by clinicians no less than laboratory
staff to the monitoring and correction of
aberrations in water and electrolyte bal
ance and everything which stems from that.
Dehydration, profound potassium disturb
ance, metabolic acidosis, reduced plasma
volume, oligemic hypotension, irreversible
shock, are conditions seen now more often
in surgical textbooks than in postoperative
recovery areas.
T he C hanging P an oram a

of

D isease

Forty years ago much of a surgeon’s
work was concerned with infective pro
cesses, acute processes such as infected
wounds, septic hands, erysipelas, lymphan
gitis, septicemia, and chronic diseases, es
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pecially tuberculosis and syphilis. N ow
they have vanished, mainly as a result of
the introduction o f antibiotics but also due
in part to the elimination of poverty and
dietary deficiencies. But new diseases have
taken their place. Lung cancer has ap
peared. Peptic ulcer has grown more com 
mon. In our ageing population, arterial
disease bulks more largely. Stress diseases
are much more frequent.
Then there have been many interchanges
between medical and surgical treatment.
Surgeons no longer try to treat viscerop
tosis, if indeed it exists. On the other hand,
bleeding peptic ulcer, portal hypertension
and ulcerative colitis are no longer exclu
sively medical. And, o f course, many con
genital and acquired heart lesions are can
didates for surgical treatment. In a few
conditions there have been recurring
swings of opinion between medical and
surgical care, for example hyperthyroidism.
In George Crile’s day, operative treatment
(“stealing the thyroid”) was the treatment
of choice. Then the antithyroid drugs were
introduced and bid fair to put surgeons out
of business for a few years until their dis
advantages were realized; and later again
radioactive iodine repeated the swing o f the
pendulum. W ho knows what next?
C hanging C onditions

of

Surgery

Forty years ago in Britain there was very
little specialization in surgery, apart from
the old established specialties of ophthal
mology and otolaryngology. A general sur
geon would remove a gallbladder, set a
fracture, do a thoracoplasty and expose a
brain tumour. In those days nearly all
surgeons were brought up in the anatomy
department and they were equally com pe
tent in performing anatomical dissections
in any part of the body. In those days,
moreover, in the type of case coming to
surgery, the operation constituted the whole
treatment. But since then in a widening
field surgeons are not content simply to be
operation-room technicians and much o f the
work of a surgeon, in the clinic and diag
nostic departments and especially in after
care, is concerned with non-operative mat
ters. Consequently, there has been a re
orientation between surgeons and physi
cians, on the one hand, and the various spe-
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cialists on the other. A neurosurgeon has
far closer ties with neurology than with
general surgery. An orthopedic surgeon
may be an expert in rheumatology. An ab
dominal surgeon works hand-in-glove with
the gastroenterologist and is far removed
from his colleagues in plastic surgery. We
are getting back to the situation in which a
surgeon is truly a physician who can also
operate.
On the purely technical side of surgery
the most notable change in recent years
has been the increasing complexity of op
eration-room arrangements. Every surgeon
is familiar with the classical picture of the
first operation performed under anesthesia
at the Massachusetts General Hospital in
1846. Apart from sterile precautions, the
picture changed little between then and
1946—the scene of drama, the concentration
of interest upon a small focus of light, the
individual feat of expertise in which the
master surgeon, either alone or with a
single acolyte, brought his skill and train
ing and panache to bear upon his protege,
the patient.
Contrast the modern heart operation
with the theatre crowded with cabinets of
gleaming equipment, the technicians be
hind their formidable array of pumps
and oxygenators, the meters and moni
tors and all the apparatus for maintaining
blood flow, plasma volume, blood pressure,
fluid interchange and acid-base balance in
this highly artificial milieu exterieur.
Yet the surgeon himself, the creator of
this little world of science, but now hardly
to be distinguished among so many whitecoated figures on the operation-room floor,
still employs the methods of a former age.
Surgery still consists essentially of cutting,
coagulating and cobbling. Ambroise Pare
abolished boiling oil but we still use the
diathermy. Catgut is outmoded but we
still use needles and thread and still need
to distinguish a reef-knot from a granny.
Surgery is still and art and a craft.
T h e F u t u r e o f S u rg ery

Prognostication is foolhardy, especially
for one like myself who has seen so many,
unexpected and well-nigh miraculous ad
vances during the past 40 years. But at any
rate I can indicate where the needs lie.
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There is still a need for improvement in
mortality and morbidity risks. Granted, the
risk to life in a routine operation has gone
down from 10% to 1% and 0.1% or even
lower, but one death in a thousand is too
many (especially if it is oneself). The main
risk, and the most frightening one because
there may be no warning, is from pulmon
ary embolism. Surgery can never be com
pletely safe until abnormal venous clotting
can be prevented.
The surgery of malignant disease still re
mains unsatisfactory. In breast cancer, the
improvement has been only fractional since
Halsted’s day, and in any large unselected
series the true cure rate still remains below
50% . This is probably because distant metastases have already developed in over
50% of patients before medical advice is
sought. Apart from a screening test of some
sort, simple enough to be applied to the
whole female population every few months,
it is difficult to see any major advance until
there is some breakthrough in our knowl
edge of malignant disease.
I suspect that the greatest change in the
next 40 years will take place in abdominal
surgery. There is already evidence that, in
Glasgow at any rate, peptic ulcer is on the
decline, and advances in our knowledge of
gastric physiology should lead to the devel
opment of an effective medical treatment
for all except the severely complicated
cases. We may expect that appendicitis will
disappear (it only appeared about 100 years
ago, perhaps due to dietetic causes, which
may well be identified), but the stress dis
eases, which may perhaps include ulcera
tive colitis, will presumably increase. Liver
cirrhosis, portal hypertension and chronic
pancreatitis should cease to exist when the
factors that prevent Scottish alcoholics from
getting these diseases have been deter
mined and applied in North America. In the
abdomen, cholecystectomy and colectomy
will probably be the sole survivors.
In other fields, however, the field of sur
gery will doubtless extend. The incidence
of trauma is increasing year by year, and
in our ageing population the vascular and
degenerative diseases will tend to play an
increasing part. If the immunological phe
nomenon can be controlled, the field of
heterograft surgery seems almost limitless.
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MASSIVE PULMONARY EM BOLISM : MODERN SURGICAL
MANAGEMENT0
_i

*

W. J. KEON, M.D., F.R.C.S.fC] and R. O. HEIM BECKER, M.A., M.D., M.S., F.R.C.S.[C],
F.A.C.S., Toronto, Ont,

Sixty years have gone by since Trendelen
burg first described a method of pulmon
ary embolectomy.1 Despite the availability
of cardiopulmonary bypass and other mod
ern surgical techniques, the mortality rate
following emergency embolectomy remains
appallingly high.2’ 3 Dissatisfaction with
these results has stimulated the develop
ment of alternative techniques.
Three methods of management are now
available: (1 ) immediate, rapid embolec
tomy without cardiopulmonary bypass,4, 5
(2 ) initial assisted circulation utilizing par
tial cardiopulmonary bypass and subse
quent embolectomy using total cardiopul
monary bypass,6-8 and (3 ) vigorous medi
cal supportive’ therapy plus heparin antico
agulation and thrombolytic therapy with
fibrinolysins.9 12 Each method has its vigor
ous proponents and each has met with suc
cess. We have recently assessed some of

these methods and now can define the in
dications for each.
D iagnostic M ethods

The diagnostic methods used to assess
the seven patients described in this paper
are outlined in Table I. The clinical picture
of massive pulmonary embolism has been
well described.13 In the present series, one
patient presented with severe chest pain
and two with cardiac arrest. The remaining
four patients presented with severe dys
pnea, collapse, profound hypotension, cya
nosis and elevated central venous pressure.
The electrocardiogram (EC G ) was of
definite value in five patients, demonstrating
changes associated with acute cor pulmo
nale such as S I, Q3 and T3 patterns. In two,
the electrocardiogram made no contribution
to the diagnosis.

TA BLE I. - D ia g n o s t ic M e t h o d s
Patient

Clinical
•picture

Electro
cardiogram

Suspicious
(shock)
Diagnostic
(shock)
Suspicious
(cardiac arrest)

Positive

4

Suspicious
(shock)

(I

5

Suspicious
(shock)
Suspicious
(cardiac arrest)
Suspicious
(chest pain)

N on-contributory

no.

i

1

2
3

i
6
7

U

U

Positive
N on-contributory

Blood gases
Oxygen saturation— 72%
P co2— 42 mm. Hg
Oxygen saturation- -80%
Pco2— 30 mm. Hg
Oxygen saturation— 65%
P co2—40 mm. Hg
Alveolar-arterial gradient
P co2—28 mm. Hg
Oxygen saturation— 68%
P co2—44 mm. Hg
Alveolar-arterial gradient
P co2—25 mm. Hg
Oxygen saturation— 81%
P co2— 41 mm. Hg
Oxygen saturation— 70%
Pco2—46 mm. Hg
Oxygen saturation— 89%
P co2— 40 mm. Hg

Pulmonary
angiogram

Lung scan

Diagnostic

Positive

Not done

Not done

Diagnostic

U

Positive*

Positive

Diagnostic

Not done

U

Positive

ft

Not done

"■Intravenous pulmonary angiogram.
“From the Department of Surgery, Toronto Gen
eral Hospital, Toronto, Ont.
This work was supported by the Ontario Heart
Foundation, the Medical Research Council of Can
ada, the Bickell Foundation and the Lockwood
Foundation.

Blood-gas analysis was very useful—each
patient had a consistent pattern of low oxy
gen saturation with a normal Pco2. The
alveolar-arterial gradient, as described by
Couves, Sproule and Fraser,14 was deter-
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mined in two patients and was significantly
elevated in both.
Pulmonary artery angiography is the
single most useful diagnostic procedure.
With it, the exact diagnosis can be estab
lished and the size of the embolus can be
determined. The catheter then can be left in
the pulmonary artery so that the pulmonary
artery pressure can be measured continu
ously. The opaque medium was injected
directly into the pulmonary artery in five
of these seven patients and the diagnosis
was established unequivocally in each. In
one moribund patient, angiography was
omitted because the clinical picture, elec
trocardiogram and blood-gas analysis were
characteristic. Pulmonary angiography can
be done at the bed-side injecting 25 to 50
c.c. of 60% meglumine diatrizoate (Renografin) into a central vein.15’ 16 This was
done on one patient and gave a reasonably
good outline of the pulmonary artery. This
is no substitute, however, for direct pul
monary artery angiography and “bedside”
angiography should only be done if the car
diac catheter room is not available.
Lung scanning with m Tlabelled human
serum albumin was done in three patients.
Others13 have advocated portable lung
scans, but we have not used this method
because we were concerned about the
“false positives” encountered in patients
with emphysematous bullae, left heart fail
ure and septicemic shock. Three patients
had lung scan and in all three it contributed
to the diagnosis. We believe, however, that
because a pulmonary angiogram is neces
sary it should be done with priority, and
that lung scanning is unnecessary once the
diagnosis has been accurately established.
M ethods

of
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Once perfusion is adequate, the patient is
transported to the radiology department on
the portable pump stretcher. A pulmonary
artery angiogram is performed and the
pulmonary artery and right ventricular
pressures are recorded. If the diagnosis of
massive pulmonary embolism is estab
lished, the patient is transported to the
operating room and an emergency pulmo
nary embolectomy is performed using total
cardiopulmonary bypass. The operation is
carried out through a standard median
sternotomy incision. Total heart-lung by
pass is achieved by cannulating the supe
rior vena cava and clamping the inferior
vena cava at the level of the right atrium.
The superior caval catheter is adapted to
the venous line by a “Y” adaptor while the
inferior caval flow is returned through the
cannula previously placed in the femoral
vein for partial bypass. Direct clot removal
is facilitated by lung massage and repeated
inflation of the lungs by the anesthetist.
The Fogarty catheter can also be used to
remove clots that are lodged in the peri
phery (Fig. 1). Care must be exercised not

M anagement

The patient with suspected massive pul
monary embolism is rapidly evaluated on
the basis of the clinical picture, electro
cardiographic changes and blood-gas analy
sis. Simultaneously, he is resuscitated using
assisted ventilation, closed chest massage
and, where indicated, cardiotonic agents
such as isoproterenol are infused. If the
patient does not respond to these meas
ures, partial cardiopulmonary bypass is
instituted from femoral vein to artery
through a portable pump oxygenator.8

Fig. 1.—A residual clot which was removed from
a peripheral pulmonary artery with a Fogarty
catheter.

to overinflate the balloon of the Fogarty
catheter or the pulmonary artery can be
ruptured.
Caval ligation or plication has not been
necessary in any of the patients we en
countered. In one patient, the femoral vein
was ligated just distal to the deep
branches. This patient had a fractured
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femur and the femoral vein was filled with
thrombus.
The patients who respond well to initial
resuscitation are managed somewhat dif
ferently from those who do not. When
ventilation and blood pressure have been
restored, the patient is transported to the
Department of Radiology and an emer
gency pulmonary artery angiogram and
T A BL E II.— R
monary

Patient
no.

e s u l t s i n F o u r P a t ie n t s F o l l o w in g P u l 
E m b o l e c t o m y (6 t o 12 W e e k s A f t e r O p e r a t i o n )

Clinical

1
2
3

Excellent

4

Died
during
operation

Pulmonary
angiogram
Normal
“
Residual
defect right
upper lobe

Lung scan
Normal
“
Defect to
right
upper lobe

Pulmonary
function
Not done
Normal

—

right heart pressure studies performed. If
a pulmonary embolus is demonstrated and
the patient continues to do well with sup
portive therapy, he is transported to the
intensive care unit. An initial intravenous
injection of 1.5 mg./kg. of heparin is given
and subsequently the dose is adjusted to
maintain the clotting time at twice the
normal level. Ventilation is assisted and
cardiotonic agents, chiefly isoproterenol,
are used as indicated. If the patient does
well on this regimen, no operation is done.
T A B L E I I I .— R e s u l t s o f M e d ic a l (N on -O p e r a t i v e ) T r e a t 
m e n t (6 t o 12 W e e k s A f t e r E m b o l u s )

Patient
no.

Clinical

Pulmonary
angiogram

5

Excellent

Normal

6
7

“
Not done

Lung scan
Defect to
right upper
lobe
Normal
Not done

Pulmonary
function
Normal
“
Not done

The chief indication for pulmonary em
bolectomy is a rising central venous pres
sure or pulmonary artery pressure accom
panied by a falling arterial pressure and
progressive desaturation on blood-gas
analysis. It has been suggested that any
patient with a mean pulmonary artery
pressure above 22 mm. Hg should be
operated upon17 but some patients with
similar pressure elevations will do well on
medical treatment.
After operation, the patient is given
small doses of heparin during the first 24
hours and by 72 hours the clotting time is
elevated to double the normal level. He is
then placed on oral anticoagulants and
maintained on them for three months. Six

17

out of seven patients so treated survived
and all patients have remained well (Tables
II and III). None of these patients has had
further pulmonary emboli during a 2%year follow-up even though vena caval
ligation or plication was not done.
D is c u s s io n

That three distinct methods of treating
massive pulmonary embolism are evolving
concurrently, suggests that no single
method is completely satisfactory. PiskoDubienski,5 who recently reiterated the
need for the classical Trendelenburg
operation in a patient with massive pulmo
nary embolism, believes that 37% of these
patients will be dead within the first 30
minutes and 46% within the first hour.
Hence, he believes that if time is taken to
perform a pulmonary angiogram and set
up a pump oxygenator for cardiopulmo
nary bypass, most of these patients will be
lost. We do not agree. Pulmonary embolism
is frequently mismanaged because the cor
rect diagnosis is not made at the onset.
Accurate diagnosis is essential and depends
on pulmonary angiography.
Life can be sustained with vigorous,
efficient closed chest massage while partial
bypass is being set up and pulmonary an
giography is being done. Two patients in
this series (3 and 6) were massaged for 60
and 20 minutes respectively before a defi
nitive diagnosis was made. Both left hospi
tal well.
Partial cardiopulmonary bypass with a
portable pump stretcher can usually be
instituted in a few minutes. Its use will
allow time necessary for accurate diagnosis.
If some other condition, such as myocardial
infarct, is responsible for the clinical pic
ture, partial cardiopulmonary bypass will
probably have been beneficial and certainly
will not have been harmful. If a massive
pulmonary embolus is present, the patient
can be transported to the operating room
and a definitive operation can be carried
out under total cardiopulmonary bypass.
The efficacy of partial bypass is illustrated
in Fig. 2. The patient was sustained with
this method of assisted circulation for one
hour after a cardiac arrest occurred. Dur
ing this time the correct diagnosis was
made.
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Fig. 2.—Emergency partial bypass with femoral artery and vein cannulation: the patient
was kept alive for one hour by external cardiac massage, before partial bypass was set up.
(Reproduced by permission from Heimbecker. R. O., Keon, W. J. and Elliott, G.: Pulmonary
embolectomy, Arch. Surg. (Chicago), 9 5 : 576, 1967.)

Thrombolysis is a useful adjunct in the
therapy for pulmonary embolism. Strepto
kinase and urokinase alone or in combina
tion with heparin have been used with
good results.10' 11 Impacted pulmonary em

boli have also been removed by retrograde
injection of fibrinolysin into the pulmonary
veins.8 A fibrinolytic enzyme from Asper
gillus oryzae (CA-7) has been found to lyse
clotted fibrin.18 This enzyme may prove

Fig. 3a
Fig. 3b
Fig. 3.—(a) Angiogram at the time of embolus showing a large occlusion of vessels to the left
side and smaller ones on the right, (b) Six weeks later—complete resolution without operative removal
of emboli.
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Fig. 4.—Same patient as in Fig. 3. Normal lung
scan six weeks after a massive embolus confirming
resolution without operation.

extremely useful in the treatment of throm
bophlebitis and pulmonary embolism, but
it has not yet been evaluated. While
thrombolytic enzymes are promising, they
do not replace operative removal of large
clots from the pulmonary artery. If a mas
sive embolus is obstructing pulmonary
artery flow and producing severe right
ventricular decompensation, embolectomy
should be done at once. However, patients
under vigorous medical therapy for less
severe emboli may well benefit from fib
rinolytic enzymes. In the present state of
our knowledge, they are not an alternative
to heparin anticoagulation and, if they are
to be used, they should be used in com
bination with heparin.

19

Inferior vena caval plication, which was
first performed experimentally by Spencer
in 1959,19 has been done many times since,
but is associated with a high morbidity
from such complications as leg edema, re
current phlebitis and recurrent embolism.20
To date, we have not found inferior vena
caval plication necessary and would use it
only if a patient on anticoagulants had re
current pulmonary emboli. Inferior vena
caval ligation is also fraught with compli
cations and is probably indicated only in
patients with repeated or septic emboli.
Ileo - femoral - saphenous thrombectomy
has recently been used with success follow 
ing pulmonary embolectomy." Eventually,
the combination of venous thrombectomy,
heparin anticoagulation and fibrinolysis will
probably make inferior vena caval ligation
or plication unnecessary.
Allison, Dunnill and Marshall21 believe
that, if the patient survives, occluded pul
monary arteries will eventually recannulate. This phenomenon is illustrated in Figs.
3 and 4. In this patient, an embolus o c
cluded approximately 50% o f her pulm o
nary vascular tree, yet six weeks later she
had a completely normal pulmonary angio
gram and pulmonary scan, without the
operative removal of clot. Figs. 5 and 6
illustrate the opposite situation: this pa
tient underwent pulmonary embolectomy,
but six weeks later pulmonary angiogram
and pulmonary scan showed that the blood
vessels to her right upper lobe were still

Fig. 5a
Fig. 5b
Fig. 5.—(a) Preoperative angiogram demonstrating major occlusion to both lungs, (b) Six weeks
later—small residual defect in right upper lobe despite embolectomy and anticoagulation.
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Fig. 6.—Same patient as in Fig. 5. Lung scan
confirming defect in right upper lobe six weeks
after embolectomy.

obliterated. It has been suggested that all
patients with significant embolism have
pulmonary embolectomy to prevent sub
sequent pulmonary hypertension.4 We do
not agree. Embolectomy should be done
only to save life.
The one death in this group of patients
was in a man with repeated myocardial in
farcts who had been hospitalized for a
prolonged period. He had been treated
with anticoagulants for repeated small pul
monary emboli over a period of one month
when he suddenly developed collapse and
hypotension. A bedside pulmonary angio
gram was done which demonstrated severe
obstruction to blood flow to both lungs,
but no discrete occlusions were seen. Be
cause of the classical clinical picture and
confirmation by blood-gas analysis and
ECG studies, the patient was operated
upon in the manner described. At the time
of operation only a few tiny clots could be
removed, but diffuse pulmonary artery ob
struction from chronic embolization was
present. He could not be removed from the
pump and died on the operating table. In
retrospect, had adequate pulmonary an
giography been obtained, this patient
would not have been considered for opera
tion.
Su m m a ry

and

C o n c l u s io n s

If the patient with massive pulmonary
embolism is to receive good treatment, an
exact diagnosis must be established. The
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most useful diagnostic procedure is the
pulmonary artery angiogram. Patients with
suspected massive pulmonary embolism
must be assessed rapidly, and vigorous re
suscitation must be begun at once. If
resuscitation is successful, a pulmonary
angiogram should be done and the patient
subsequently cared for in the intensive
care area. If the patient begins to deterio
rate (a rising central venous or pulmonary
artery pressure accompanied by a falling
arterial blood pressure and arterial oxygen
saturation) pulmonary embolectomy is
done immediately.
If initial resuscitative measures do not
restore adequate blood pressure, the pa
tient should be placed on partial cardio
pulmonary bypass using a portable pump
stretcher. The patient is transported to the
radiology department and a pulmonary
artery angiogram is done while partial
cardiopulmonary bypass is maintained. If
massive pulmonary embolism is demon
strated, pulmonary embolectomy is done
under total cardiopulmonary bypass.
A d d en d u m

Since the preparation of this paper, there
have been two more patients with massive
pulmonary embolism (total nine patients).
One patient, whose bedside pulmonary angi
ogram showed massive occlusion of both lung
fields, went into circulatory arrest on the oper
ating table, and is an excellent surgical result.
The other patient was a borderline candidate
for operation, with total obstruction of the left
lung field, but responded well to conservative
therapy. Both patients have recently left hos
pital in excellent health.
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Nine dogs underwent experimental coronary
artery surgical procedures and were followed
for 5V2 years. In these dogs, bypass aorto-circumflex coronary grafts, employing the exter
nal jugular vein, were found to undergo sig
nificant dilatation. Longitudinal arteriotomies
and oblique end-to-end anastomoses of the
coronary arteries m aintained long-term paten
cy without stricture formation or histologic
evidence of degenerative change.
T h e dilatation with long-term bypass aorto
coronary external jugular venous autografts
represents the fate of a very thin-walled vein
employed as an arterial graft in the thoracic
cavity. The changes noted (dilatation and fi-
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R esume
Un diagnostic exact est d’une importance capitale pour bien traiter un patient souffrant d’embolie pulmonaire massive. L a methode diagnostique
la plus utile est l’angiogramme de l’artere pulmo
naire. De toute fagon, les malades de ce type doivent etre evalues rapidement et sounds sans delai
a une reanimation energique. Si celle-ci reussit, on
procedera a l’angiogramme pulmonaire et on enverra ensuite le patient a la salle des soins inten
sify. Si l’etat du malade s’aggrave ( pression
veineuse centrale ou pression de 1’artere pulmo
naire en voie d’augmentation accompagnee d’une
chute de la tension arterielle et de la saturation
arterielle en oxygene), on pratique immediatement
une embolectomie pulmonaire.
Si les premiers moyens de reanimation ne parviennent pas a retablir une tension arterielle suffisante, on mettra le malade dans un circuit assurant une derivation cardiopulmonaire partielle, au
moyen d’une extension portative de la pompe. On
transporte alors le malade, toujours maintenu en
derivation cardiopulmonaire partielle, vers le
service de radiologie ou on precede a l’angiogramme de Fartere pulmonaire. Si une embolie
pulmonaire massive survient, on pratique l’embolectomie pulmonaire chez le malade qui a ete
alors soumis a la derivation totale cceur-poumon.

bromuscular hyperplasia) are similar to those
seen in the vein in cases o f arteriovenous fis
tula. T h e authors consider it of particular sig
nificance that: (1 ) four out of five grafts
showed no thrombus build-up, (2 ) suture line
healing was good without evidence o f luminal
narrowing, ( 3 ) myocardium supplied b y this
important branch of the coronary artery fu nc
tioned well for many years w ithout evidence of
dam age except in one anim al w hich had partial
thrombus occlusion of its graft, and ( 4 ) no
graft rupture occurred.—D edom enico, M . e t a l . :
Experim ental coronary artery surgery; long
term follow-up, bypass venous autografts, long
itudinal arteriotomies, and end-to-end anasto
moses, J. T h o ra c. C a rd io v a s c. Surg., 5 6 : 6 1 7 ,
1968.
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SACROCOCCYGEAL TERATOMA9
S. KLING, M.D., F.R.C.S.[C], F.A.C.S., Edmonton, Alta.

S acrococcygeal teratoma, the most com
mon teratoma in the neonate, is nonetheless
rare; the incidence, according to Ross,1 is
1/40,000 live births. Although this teratoma
was first successfully excised in 1841,2 we
have only recently come to appreciate the
pathological anatomy, operative therapy
and prognosis of the tumour. This paper
will review the experience of the Univer
sity of Alberta Medical Centre, Edmonton
for the past decade and discuss current
concepts of sacrococcygeal teratoma.
TA B L E I.— S u m m a r y

o f 10 P a t ie n t s W it h S a c ro c o cc yg ea l T era to m a S e e n a t t h e
A l b e r t a M ed ica l C e n t r e , E dm onton fr o m 1958 to 1967

U n iv e r s it y

of

Length of
Pathology_____ Present status_____ follow-up
Benign
*Died in operating
room
...................................
T .T .
F
1 month
“
JSee below
9 years
...................................
E.O.
F
36 years
“
Alive and well
10
“
........................................
S.B.
F
2
“
“
“
5 “
........................................
L.H.
F
1 day
“
“
4 “
........................................
K .B .
F
31 years
“
“
4 “
........................................
N.H.
F
63
“
“
“
4 “
........................................
L.R.
F
32
“
“
“
4 months
........................................
G.F.
F
12 days
Malignant
“
5 “
B .B .
M
2
“
Benign
“
4
“
*Death was due to other anomalies incompatible with survival. These were identified at autopsy.
fLocal recurrence. A second operation was done when the infant was 2 months old. She is now well.

Case__________________ Identification
1 ...................................
M.C.
2
3
4
5
6
7
8
9
10

plays some degree of progressive unco
ordinated growth and is not merely a qui
escent malformation”. MacCallum8 de
scribes it as a “frustrated attempt at the for
mation of a human embryo in which the
whole plan has failed through lack of neces
sary parts and the distortion and derange
ment of those which were available”. Most
authorities agree with Willis that teratomas
are not distorted fetuses but arise from se
cluded embryonal cells which retain their
primitive totipotentiality and develop in a

Sex
F

Age at
operation
1 day

P athogenesis

The word “teratoma”, first used by Vir
chow, is derived from the Greek “terata”
( marvel, prodigy or monster) and has come
to mean “monstrous malformation”. In
structure, teratomas vary from simple der
moid cysts to complex mixtures of several
well-differentiated tissues. Occasionally, the
tumour may resemble a fully formed em
bryo, giving rise to the theory that this
is a form of twinning. Hickey and Layton3
studied 112 sacrococcygeal teratomas from
various sources: 14% of the families in
volved had a history of twinning; four of
the patients were one of twins. The inci
dence of twins in the general population
is 1/89 births. Gross, Clatworthy and
Meeker4 reported twinning in 50% of their
series. Willis3 defined teratoma as a “tu
mour of multiple tissues of kinds foreign to
the part from which it arises which dis° From the Department of Surgery, University
of Alberta Medical Centre, Edmonton, Alta.

disorganized manner, presumably because
they escape from the normal hormonal and
enzymatic control of the fetus.
The University of Alberta series, sum
marized in Table I, complements that of
Willox and MacKenzie7 from the same
medical centre in the previous decade.
This tumour is much more common in
the female. In this series, 90% of the pa
tients were females; in a composite review,
80% were females. The sacrococcygeal
teratoma is easy to recognize when the
patient presents with a large globular mass
over the sacrum and coccyx which distorts
the buttock and displaces the anus (Figs.
1 and 2).
In most series, the majority of tumours
are recognized in early infancy. In our
series, only 50% were diagnosed in neo
nates. One tumour, however, was identified
for the first time when the child was 2
years old and four were found in adults.
The apparent discrepancy in age incidence
in our series as compared to others, may
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may lie in the fact that most series are
reported from large pediatric units, whereas
the four hospitals of the University o f Al
berta Medical Centre are general hospitals
which admit both adults and children.
D ifferential D iagnosis

Fig. 1.—Case 9. Anterior displacement o f the
anus and marked vascularity of the lesion.

be a statistical anomaly because of the
small size of the series. Another explanation

Fig. 2.—Case 10. The skin defect at birth. Note
the peculiar position o f the limbs giving the false
impression of a spinal lesion.

Sacrococcygeal teratoma must be dis
tinguished from sacral meningocele, chor
doma, neuroblastoma, ganglioneuroma, os
seous tumours, ependymoma, abscess,
lymphoma ( especially lymphosarcoma),
cystic hygroma, hemangioma and reticulo
endothelial disease. The most difficult dif
ferentiation is from the sacromeningocele,
because the spina bifida associated with the
sacromeningocele may be difficult to dem
onstrate in a newborn.8 Occasionally when,
because of the size and location of the tu
mour, the baby keeps his thighs flexed on
the lower abdomen and does not move his
lower limbs, the examiner mistakenly as
sumes that the infant has a neurological
deficit (Fig. 2).
G ross

and

M icroscopic F eatures

For the most part, teratomas arise from
totipotent tissues in or near the midline
and just anterior to the midline. In addi
tion to the sacral and coccygeal regions,
they have been found in the retroperitoneum, anterior mediastinum, ovary, testis
and eye. Indeed, they have been described
in almost every part of the body. Sacro
coccygeal teratomas are located over and
under the coccyx. The larger ones extend
down to distort the buttock, filling the en
tire hollow of the sacrum and pushing the
rectum anteriorly (Fig. 1). They may have
an intra-abdominal component. In several
patients in this series (Cases 5 and 7-10),
there was no external evidence of the tu
mour; the lesion was found when a presacral mass was palpated on rectal examina
tion.
These tumours are composed of a mixture
of cystic and solid tissue. In the series de
scribed by Izant,9 glial and nervous tissue
predominated. Other tissues encountered in
this series were brain, choroid plexus, per
ipheral nerve, smooth and skeletal muscle,
embryonal and adult fat, mucous, sweat
and sebaceous glands, stratified squamous,

k
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columnar and respiratory epithelium, fi
brous tissue, hair follicles, pancreatic tissue,
cartilage and bone. For some reason, car
diac muscle is rarely found.
The incidence of malignant change varies
considerably: Chaffin—9% ;10 Parin—2 9 % ;n
and Schaffer—2 5 % .12 In our series, only one
tumour was malignant. Sacrococcygeal ter
atomas are more often malignant than tera
tomas in other locations.
On the radiograph, the tumour is calcified
in one-third of the cases. Because calcifi
cation is rare in malignant teratomas, its
presence suggests, but does not confirm,
that the lesion is benign. Most teratomas
have an irregular surface and have both
solid and cystic areas. Teratomas that are
uniformly solid are probably malignant
(Fig. 3 ).

\
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squamous epithelium, cartilage and nerve
tissue. Although the pathologist thought
this might be benign, he decided it would
be more prudent to classify it as malignant
because it contained some clusters of un
differentiated cells.
Our own series contradicts the general
assumption that the longer the delay in
diagnosis and treatment, the greater the
frequency of malignancy. According to
Waldhausen et al.,15 only 4 of 56 tera
tomas removed before the patients reached
their fourth month of life showed malignant
change. In contrast, 13 of 31 teratomas re
moved from children between 4 months
and 15 years of age showed malignant
changes. Izant,® in reviewing 73 patients,
found that 13 operated upon before 1
month of age had malignant teratomas
whereas in patients over 1 month of age,
29 had malignant change.
T reatment

Fig. 3.—Case 9. Cut surface of the lesion. This
tumour, which was solid to palpation, was the only
malignant teratoma in our series.

Misugi, Han and Okajima13 studied 25
malignant sacrococcygeal teratomas under
the electron microscope. The histology was
uniform: a single type of anaplastic cell
formed a papillary adenocarcinoma. Ultra
structure studies suggest that the cells are
embryonic epithelial cells. Although it is
generally accepted that only one cell type
becomes malignant, Gwinn, Dockerty and
Kennedy14 described one patient who had
both an adenocarcinoma and a low-grade,
clear-cell carcinoma.
In the present series, only one teratoma
was malignant (Case 9). On section, this
large tumour showed a variety of tissue
elements; the background stroma was pre
dominantly fibrous and scattered through
out were masses of glandular epithelium,

In all patients in this series, the tumours
were excised at the earliest practical date.
When the tumours are large, the overlying
skin quickly ulcerates (Fig. 1). Ulceration,
combined with the large dilated superficial
veins may lead to disturbing bleeding. The
size and appearance of these large lesions
should not intimidate the surgeon because
excision, the only effective treatment, is
usually successful.
Preoperative preparation includes a
venous cut-down. We prefer to use a vein
at the wrist because it facilitates prepara
tion and movement of the whole body if
this is necessary during the operation. A
small catheter is placed in the bladder, and
the anus and rectum are packed with Vase
line gauze or a firm rectal tube to help in
identifying these structures during dissec
tion. When the child is operated upon with
in the first few days of life, bowel prepara
tion is probably not required.
The torso is prepared from the xiphoid
down in case the abdomen has to be opened
later. We make a transverse or “chevron”
incision over the lower back staying as far
from the anus as we can and still remove
all invaded skin. We begin with the patient
supine and outline the anterior skin flap in
this position. The patient, who is lying on
sterile drapes, is then turned to the prone
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position and sterile towels are folded under
the abdomen to maintain moderate “jack
knife” position. One of the great dangers
throughout this procedure is exsanguinating
hemorrhage. As a first step, Smith, Passaro
and Clatworthy16 excise the coccyx com
pletely and ligate the middle sacral artery
and veins. They have demonstrated that this
approach reduces severe hemorrhage to a
minimum. Large lesions must be dissected
from the wall of the anus and rectum; this
is facilitated if the anus and rectum have
been packed or filled with a tube or gauze.
It is essential that the entire coccyx be re
moved because this greatly decreases the
possibility of recurrence. The incision is
closed by approximating skin flaps over ca
theter suction drains.

»
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R esu lts

In this series, one infant died during the
operation because of severe hemorrhage.
One (Case 2 ) had a local recurrence. The
tumour was excised at 1 month of age. One
month later a subcutaneous recurrence was
noted. This was excised at once and no fur
ther recurrence has been noted in the sub
sequent nine years. The infant with the
malignant teratoma (Case 9) has only been
followed for five months so the prognosis
remains in doubt. Izant,9 combining the
data of Gross, Clatworthy and Meeker,4
Riker and Potts17 and Ravitch and Smith18
concluded that infants operated upon under
I month of age had an operative mortality
of 18% . Over 1 month of age, the mortality
rose to 55% . Twelve per cent of those op
erated upon under 1 month of age had a
subsequent recurrence. Over 1 month of
age, 25% had a recurrence. In benign tu
mours, Waldhausen et al.15 found an over
all recurrence rate of 8% . However, of 19
patients in whom the coccyx was not re
sected, 7 had a recurrence. There can be
little doubt from these experiences that the
earlier these tumours are excised, the better
the prognosis; and that the coccyx must al
ways be excised with the teratoma.
Sum m ary

3

Fig. 4.—Case 9. Postoperative appearance.

*
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The wound may heal slowly if there is
infection or if the skin flaps are not viable.
In one patient (Fig. 4 ), the wound healed
by primary intention; in a second, the
wound edges became necrotic and sec
ondary closure was done 14 days after op
eration. Both of these patients had urinary
retention that required reintroduction of a
catheter for five and seven days respective
ly. Bladder function then returned to nor
mal. In both, postoperative intravenous
pyelograms were normal.

Ten patients with sacrococcygeal tera
tomas are described; nine were female. At
the time of operation, 6 of the 10 were
under 2 years of age. In this series only one
tumour was malignant. The author’s person
al experience and a review of the literature
supports the following conclusions: Sacro
coccygeal teratoma should be excised. Radi
ation therapy appears to be of little benefit
and is contraindicated in the benign lesion.
Excision should be undertaken as early as
possible to avoid such complications as ul
ceration with infection, external hemor
rhage and malignant change. Total excision
of the coccyx is mandatory. If this is done
early in the operation and the middle sac
ral vessels are ligated, the danger of ex
sanguinating hemorrhage is greatly re
duced. The accumulated experience from
many centres clearly indicates that in the
treatment of this disease, there is no place
for a “wait and see” attitude.
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EFFECTS OF EPICARDIECTOMY
Perhaps the most sensitive and the most pre
cise m ethod presently available for character
izing the contractile state of heart muscle is
the force-velocity relation. Epicardiectom y im 
proved the function of the acutely ischem ic left
ventricle when assessed by this technique. In
addition, these assessments permitted more
com plete definition of the effects o f epicardi
ectom y on left ventricular performance since,
despite increases in the maximum tension that
developed, the maximum velocity of contrac
tion appeared unchanged. This suggests that
epicardiectom y augments the number of con
tractile sites but does not inherently alter the
state of the contractile elements.
V ineberg has theorized that enicardiectomy
allows the heart to dilate and expand the
sinusoidal bed, which permits blood to enter
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R esum e
L ’auteur presente 10 cas de teratomes sacrococcygiens: neuf des patients etaient du sexe feminin. Au moment ou ils ont ete operes, 6 patients
sur 10 avaient moins de 2 ans. Dans ce groupe,
une seule tumeur etait maligne. L ’experience personnelle de l’auteur et la revue de la litterature
pertinente permettent de tirer les conclusions suivantes: Les teratomes sacro-coccygiens doivent etre
excises. La radiotherapie n’a guere d’action et est du
reste contre-indiquee dans les lesions benignes. On
devra entreprendre l’excision des tumeurs infectees,
hemorragiques et sujettes a des modifications cancereuses. L ’excision totale du coccyx est imperieuse. Si cette excision est effectuee au debut de
I’operation et si les vaisseaux sacres moyens sont
dument ligatures, on diminue largement le rhque
d’hemorragie a blanc. L ’experience globale acquise
dans de nombreux centres indique clairement que,
dans le traitement de cette pathologie, l’expectative n’a pas sa place.

the myocardium directly from the lumen of the
left ventricle during diastole. T he improved
ventricular performance following epicardiec
tomy demonstrated in the present study by the
force-velocity and length-tension techniques
could not have resulted from this mechanism,
because the left ventricle was contracting on
a balloon and there was no opportunity for
blood to enter the myocardium from the left
ventricular lumen. Raghed and Vineberg have
shown an increase in the ventricular fibrilla
tion threshold following epicardiectomy, and,
in the present study, epicardiectomy also
seemed to lessen the tendency for ventricular
fibrillation to occur following anterior descend
ing coronary artery occlusion.—Reis, L. R. d
a l.: T h e effects of epicardiectom y on the per
formance of the acutely ischem ic left ventricle,
J. T h o ra c . C ard iov asc. Surg., 56: 6 4 7 , 1968.
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PEPTIC U LC E R A TIO N O F T H E POSTBU LBAR PO R T IO N O F T H E
DUODENUM8
J. E. MULLENS, M.D., M.S., F .R .C .S.[C ], F.A.C.S. and G. S. BIRD, M .D.,
Toronto, Ont.

In 95% of patients with duodenal ulcer,
the lesion occurs in the first portion o f the
duodenum. Radiologists refer to the first
two-thirds o f this portion o f the duodenum
as the “bulb” or “cap” ; it is in this area that
they expect to see peptic ulceration. The
remainder of the duodenum often receives
only a cursory inspection not only because
an ulcer is not expected, but also because
it is often difficult to demonstrate details
in this portion. For these reasons, ulcers
beyond the bulb, i.e. postbulbar ulcers,
may go unrecognized until the patient de
velops a serious complication. On the sur
gical service of the W ellesley Hospital,
Toronto in the period 1955 to 1967, we
encountered six patients who illustrated
some o f the problems of postbulbar ulcera
tion. In each, the ulcer was in the second
part o f the duodenum.
C ase R e p o r t s

Case 1.—D.U., a 52-year-old man, was ad
mitted to hospital because of severe hematemesis and melena. For 10 months he had
had epigastric pain relieved by food and ant
acids. Two years previously, radiographs had
shown a duodenal ulcer in the first portion of
the duodenum, but subsequent films had
demonstrated only a hiatus hernia. He was
known to have gallstones, had had episodes of
jaundice and pancreatitis, and had had an
extensive resection of the small bowel for
Crohn’s disease.
The day after his admission he again bled
severely into the gastrointestinal tract. At an
emergency operation, the bleeding was found
to come from a peptic ulcer in the second
portion of the duodenum; in addition, the gall
bladder contained multiple stones. The bleed
ing point was oversewn and a pyloroplasty
and vagotomy were done. A cholecystectomy
was performed and the common bile duct
explored because of the history of pancreatitis
and jaundice. After a stormy postoperative

“ From the Departments of Surgery and Radio
logy, Wellesley Hospital, Toronto, and the Uni
versity of Toronto, Toronto, Ont.

course, he made a good recovery and remains
well two years after his operation.
Case 2.—J.A., a 42-year-old man, had a long
history of dyspepsia and epigastric pain which
was relieved by food and antacids. Radio
graphs had shown an ulcer in the first portion
of the duodenum and, because he did not
respond to medical measures, he was operated
upon. No duodenal ulcer was found even after
the pylorus had been opened; only a pyloro
plasty was done. After his discharge from
hospital, however, this patient was regarded
as a neurotic and treated symptomatically un
til he was readmitted five months later with a
torrential gastrointestinal hemorrhage which
required emergency operation. He was bleed
ing from a duodenal ulcer in the second
portion of the duodenum. The ulcer was over
sewn and a distal two-thirds gastrectomy done.
He had a difficult postoperative course; a
duodenal fistula developed and he had two
wound dehiscences. Finally, however, he made
a good recovery, and has remained well for
13 years.
Case 3.—F.E., a 63-year-old man, came to
hospital with massive hematemesis and me
lena. For 10 months he had had intermittent
epigastric pain which was not relieved by
food or antacids. Five months before admission
he had bled from the gastrointestinal tract,
but investigation at that time had revealed only
a hiatus hernia. The hemorrhage that had led
to his admission subsided after conservative
measures and the investigation was repeated.
Again, only a hiatus hernia was found.
Because of his persistent symptoms, two epi
sodes of gastrointestinal bleeding and a demon
strated hiatus hernia, we explored his abdo
men expecting to find a duodenal ulcer or, at
least, a hiatus hernia that should be repaired.
At operation we found a mass in the second
portion of the duodenum in the centre of
which an ulcer could be felt. Because of the
hardness of the ulcer and the size of the area
of reaction around it, we made a diagnosis of
carcinoma of the duodenum and, accordingly,
did a pancreaticoduodenectomy. When the
specimen was removed and examined, a peptic
ulcer of the second portion of the duodenum
was found. The patient remains well two
years later.
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Fig. 1.—Case 4. Choledochoduodenal fistula
from a duodenal ulcer of the second portion of the
duodenum.
C ase 4.—I.R., a 34-year-old man, had had a
duodenal ulcer for several years, and, except
for a single episode of gastrointestinal hemor
rhage, had done well on a medical regimen.
However, when his symptoms became per
sistent and could not be relieved by the usual
measures, he was admitted to hospital. A
barium meal disclosed that he had a hiatus
hernia and a choledochoduodenal fistula. The
radiologist suggested that the fistula had been
formed when an ulcer of the second portion of
the duodenum had penetrated into the com
mon bile duct (Fig. 1).
At operation, we found an inflammatory

Fig. 3.—Case 5. Ulcer niche in profile.

f

mass involving the second portion of the duo
denum. When the duodenum was opened, a
benign ulcer was discovered, which had pene
trated into the common duct. A vagotomy and
gastroenterostomy were done and the hiatus
hernia repaired. Four years after his operation
he is well.

«

C ase 5.—For seven months, M .B., a 47year-old woman, had suffered from dyspepsia
which was relieved by antacids. She also
complained of epigastric pain radiating into
the back. Three months before admission to
hospital an ulcer of the second portion of the
duodenum had been demonstrated (Figs. 24 ). Her medical treatment was pursued. How-

I
+

£

Fig. 2.—Case 5. Duodenal ulcer of the second
portion of the duodenum.

Fig. 4.—Case 5. Spasm and narrowing at the
ulcer site.
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ever, her symptoms persisted and worsened,
and she was admitted to hospital with severe
abdominal pain, nausea and vomiting. Further
investigation revealed cholelithiasis in addition
to the ulcer.
Because of the persistence of ulcer symp
toms and the presence of gallstones she was
operated upon. At operation we confirmed that
she had a benign ulcer of the second portion
of the duodenum. A cholecystectomy, vago
tomy and pyloroplasty were performed. She
made a good recovery and is well two years
after discharge.

In ea ch o f our patients, as in 7 5 % of
patients w ith postbulbar u lceration , the
ulceration was proxim al to the duodenal
p ap illa.1 In four o f them , the rad iologist
did not dem onstrate any ulceration, and in
one the surgeon did n ot find an u lcer even
though he perform ed an exploratory la 
parotom y and pylorotomy. G rah am 2 called
attention to the difficulty th at m ay b e ex
perienced in making a diagnosis o f duo
denal u lcer when it lies in th e second p o r
tion of the duodenum and coined the term
“duodenal u lcer occu lta”.
T h e symptoms o f postb ulbar duodenal
u lcer are sim ilar to those of duodenal u lcer
in the b u lb — with some differences. On the
average, the symptoms occur 10 years la ter
than those o f duodenal u lcer in th e bu lb.
T h e pain m ay be referred through to the
right side o f the b ack and b e p articu larly
in tractab le,3 ,4 although Pattison and S te l
l a r ’ found th at pain was an outstanding
symptom in less than one-half o f th eir 38
patients.
T h ese ulcers rarely p erforate into the
p eriton eal cavity, b u t may p en etra te into
the biliary tree.8 O f the 36 duodenobiliary
fistulas due to peptic ulceration d escribed
by Kourias and C houliaras,7 30 w ere b e 
tw een the common bile duct and the duo
denum.

Case 6.— B.V., a 62-year-old man, had had
recurrent nausea and vomiting for four months
before admission. A barium meal had shown
changes in the duodenum that the radiologist
interpreted as “duodenitis”. He improved on
symptomatic treatment. The day before admis
sion he had hematemesis and melena, which
continued after admission. (At this time he
was recovering from bilateral lobar pneumonia
and controlled heart failure.) The bleeding
was massive and unremitting, and we oper
ated upon him on the day of admission. He
received 29 units of blood.
At operation, he had two ulcers in the pre
pyloric portion of the stomach and another
actively bleeding ulcer in the second portion
of the duodenum near the ampulla of Vater.
Through a duodenotomy the duodenal ulcer
was oversewn with silk sutures. A distal twothirds partial gastrectomy was also performed.
During the postoperative period, his pneu
monia recurred and he required a tracheosto
my. An abdominal wound dehiscence also had
to be closed. At the time of discharge he was
well, but two years later he bled from a
stomal ulcer and a vagotomy was done. He re
mains well six years after his last operation.

H em orrhage is the com m onest com p li
cation and occurs in 3 5 % to 8 7 % o f these
patients.4’ 810 The surgeon operatin g for
gastrointestinal bleed ing m ust k eep the
postbulbar u lcer in mind, b ecau se it m ay
b e easily overlooked.
None o f our patients presented w ith o b 
struction, a com plication w hich is also un
com m on in larger series.4’ 9
M any authors have com m ented upon the
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T he various features illustrated in these
six patients are summarized in T ab le I.
TA BLE I . — P o s t b u l b a r D u o d en a l U l c e r . S u m m a ry
and

1
-

*

o p t h e C o m p l ic a t io n s , R a d io g r a p h ic D ia g n o s is
O p e r a t iv e M a n a g em e n t

Patient

Age

Sex

Complications

Radiographic diagnosis

1

52

M

Hemorrhage

2

42

M

((

Previous duodenal ulcer
(1st part). Hiatus hernia
Duodenal ulcer (1st part)

3
4

G3
34

M
M

5

47

F

Intractability

G

62

M

Hemorrhage

(C

Choledochoduodenal
fistula

Operation

Emergency vagotomy and
pyloroplasty
Emergency partial gas
trectomy
Hiatus hernia
Pancreaticoduodenectomy
Fistula and hiatus hernia Elective vagotomy, gas
troenterostomy and hiatal
hernia repair
Duodenal ulcer (2nd part) Cholecystectomy, vago
tomy and pyloroplasty
Duodenitis
Emergency partial gas
trectomy
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difficulty of diagnosing postbulbar ulcer
ation. Special radiographic techniques and
positions have been used; some have in
tubated and paralyzed the duodenum with
propantheline bromide (Pro-banthine) or
other agents to display its details.1114
Although it may be difficult to demon
strate the postbulbar portions of the duo
denum, the practical point is that this part
of the duodenum usually can be well de
monstrated radiographically if the radio
logist keeps it in mind and takes a little
extra trouble to see it in all barium meal
examinations. In Nigeria, Barton and Cockshott15 found postbulbar duodenal ulcer
ation in nearly 25% of peptic ulcer pa
tients when this lesion was conscientiously
sought, although the anatomical distribu
tion of ulcers may be different in Nigeri
ans than in other races.
Unless a serious complication is present,
postbulbar duodenal ulceration should be
treated medically, at least initially. How
ever, the consensus is that most of these
patients will require operation because
these ulcers seem to be refractory to con
servative measures. In three of our pa
tients, a vagotomy and drainage operation
were performed (Finney pyloroplasty in
one, and gastroenterostomy in two). In one
of our patients a pancreaticoduodenecto
my was done because the ulcer with its
surrounding exuberant inflammatory reac
tion was mistaken for a carcinoma. We
considered a frozen-section biopsy but did
not do it because we thought it would be
both misleading and hazardous. We did a
partial gastrectomy on the other two pa
tients.
A bleeding ulcer of the second portion
of the duodenum can usually be managed
through a long duodenotomy and suture
ligature of the bleeding vessel, combined
with a Finney pyloroplasty and vagotomy.
The results of treatment in this group
of patients have been good. We have had
no deaths, although the postoperative mor
bidity was high. Others, in larger series,
have reported an operative mortality of
9% .6 We believe that a Finney pyloro
plasty and vagotomy in these patients will
give results comparable to those achieved
in the treatment of duodenal ulceration in
the usual position.
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Six patients are described who had post
bulbar duodenal ulceration. They illustrate
the difficulties in the preoperative and
operative recognition and treatment of this
lesion.
A ddendum

Since this paper was written, F.E. (Case 3)
lias returned to hospital with pancreatic stea
torrhea and diabetes mellitus.
The authors wish to thank Dr. R. I. Mitchell
for allowing them to include Case 5.
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R esu m e

De tous les cas d’ulcere duodenal, 5% sont
situes dans la region post-bulbaire du duodenum.
Les symptomes de ce type de localisation sont
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semblables a ceux de l’ulcere duodenal ordinaire,
mais ils ont tendance a etre refractaires. L ’hemorragie et leur penetration dans le choledoque sont
des complications severes qui surviennent couramment.
Le diagnostic risque d’echapper a des radiologistes competents s’ils ne prennent pas les moyens
de visualiser la seconde portion du duodenum.
Une duodenographie hypotonique peut etre tentee
si on a des raisons de soupgonner ce type de siege,

mais ceci est rarement necessaire. Meme a la
laparotomie, l’ulcere post-bulbaire peut echapper
aux yeux du chirurgien s’il ne le soupgonne pas.
Le present article expose les problemes que
posent six malades souffrant d’ulcere post-bulbaire. Quatre d’entre eux presentaient une hemorragie gastro-duodenale severe, un autre une fistule
choledocho-duodenale et le dernier avait des
douleurs rebelles. Le traitement de ces malades
est decrit en detail.

ESOPHAGEAL FUNCTION A FTER
REPAIR O F ATRESIA AND FISTU LA

Although in six patients the site of anasto
mosis could be identified cinefluoroscopically,
no stricture was demonstrated in any of them.
This is in contradistinction to the findings of
Desjardins, Stephens and Moes, who reported
that 80% of their patients, all of whom were
studied in childhood, had an anastomotic stric
ture. Similarly, we found no evidence of hiatus
hernia, whereas Chrispin, Friedland and W at
ers ton found that 12 of their 14 patients had
hiatus hernia as well as motility disturbance.
The etiology of this motility disorder is ob
scure. Earlier workers considered that vagal
nerve dysfunction was the causative lesion
while Lind considered that his findings sug
gested a congenital physiologic abnormality
rather than nerve damage.
The fact that the motility disturbance in
volves the portion of the esophagus proximal
to the anastomosis and does not involve the
whole of the distal esophagus is an argument
for an acquired lesion, but it does not exclude
the possibility of a congenital etiologic factor.
Primary muscle damage was considered as
an explanation of the defect, and a review of
postmortem material from infants who had
died from this anomaly was undertaken. Un
fortunately, slight patchy postmortem muscle
necrosis had occurred in all cases making an
accurate histologic assessment of muscle mor
phology exceedingly difficult. However, no evi
dence of antemortem muscle degeneration was
detected. In our opinion, surgical trauma to the
esophageal branches of the vagus nerve is the
most likely explanation for this disorder but we
cannot exclude a congenital absence of these
branches.—Burgess, J. N. Carlson, H. C. and
Ellis, F . H., Jr.: Esophageal function after
successful repair of esophageal atresia and
tracheoesophageal fistula; a manometric and
cinefluorographic study, J. T horac. C ardiovasc.
Surg., 56: 667, 1968.

Several workers have studied esophageal
function after repair of esophageal atresia and
tracheoesophageal fistula by cinefluoroscopy.
They found that the primary peristaltic wave
became dissipated above the line of the ana
stomosis and that below this level secondary
contractions occurred resulting in both ante
grade and retrograde flow. The function of the
inferior esophageal sphincter was considered
normal except in some of Kirkpatrick’s patients
in whom free reflux from the stomach occurred.
Shepard, Fenn and Sieber, and Lind, Elanchard and Guyda studied esophageal function
in such patients by intraluminal manometric
pressure recordings, with conflicting results.
Shepard reported a normal inferior sphincter
but an aperistaltic spastic segment extending
from the anastomosis distally, whereas Lind
recorded a lack of sphincteric relaxation and
feeble simultaneous contractions of the entire
esophagus in response to swallowing. All their
studies were performed in children under 12
years of age, whereas all our patients were be
tween 14 and 19 years. Our patients all showed
a normal resting sphincteric pressure, normal
function of the sphincter in response to swal
lowing, and an aperistaltic segment extending
both proximally and distally to the line of ana
stomosis. Thus, our results correlate well with
those of Shepard and show that this disorder
continues into later life.
This dysfunction seems to cause surprisingly
minor symptoms in early adult life; only one
of our patients had any significant disability.
She had had a recurrent fistula treated surgi
cally, and her motility defect, by pressure re
cording and cinefluoroscopy, was more exten
sive than that of any other patient. It may be,
therefore, that severe motility disorders would
have been found had we studied other sympto
matic teenagers.
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CLEFT PALATE REPAIR: COMPARISON OF THE RESULTS OF TWO
SURGICAL TECHNIQUES
C. R. PALMER, M.D., F.R.C.S.[CJ,S M. HAMLEN, F.C.S.T.,t R. B. ROSS, D.D.S.,
F.R,C.D.[CJt and W. K. LINDSAY, M.D., M.S., F.R.C.S.[C], F.A.C.S.,§ Toronto, Ont.

1861 von Langenbeck, a professor of
surgery in Berlin, described a new method
of cleft palate repair, using mucoperiosteal
flaps to replace the hard palate.1 This
was a great advance because the mucous
membrane flaps, used earlier, frequently
underwent necrosis. The von Langenbeck
procedure remained popular in Great
Britain and, to a lesser extent, in the
United States until the 1920’s. In 1927,
Veau2 and others criticized the operation
on the grounds that it produced a short
immobile palate.3 Soon thereafter, Gillies
and Fry2 in Great Britain and Dorrance
and Shirazy4 in the United States intro
In

Fig. la

duced the “pushback” or palate lengthening
procedure. In 1964 Lewin,5 surveying cleft
palate treatment in the United States and
Canada, reported that more than one-half
of the surgeons participating in the survey
used a form of the von Langenbeck repair.
The von Langenbeck method (Fig. 1)
comprises incising the edges of the cleft
palate, further incision in the region of the
maxillary tuberosities, fracturing the ptery
goid hamuli, and elevating two muco
periosteal flaps with preservation of the
descending palatine arteries and with con
tinuity of the flaps maintained anteriorly.

Fig. lb

Von Langenbeck (simple closure) palatoplasty for incomplete cleft of the secondary
palate, (a) The original cleft: the free margins of the soft palate are being infiltrated with 1:200,000
epinephrine in saline solution, (b) Incisions of the free margins of the cleft and over the maxillary
tuberosities with fracture of the pterygoid hamulus.
Fig. 1.—

"Member, Janes Surgical Society. Clinical Study
Fellow, Division of Plastic Surgery, The Hospital
for Sick Children, Toronto, Ont.
tDivision of Speech Therapy, The Maxillo-Facial
Clinic, The Hospital for Sick Children, Toronto.
^Division of Orthodontics, The Maxillo-Facial
Clinic, The Hospital for Sick Children.
§Member, Janes Surgical Society. Chief, Division
of Plastic Surgery, and Chairman, The MaxilloFacial Clinic, The Hospital for Sick Children.
Reprint requests to: Dr. C. R. Palmer, Suite 538,
North York General Hospital, Willowdale, Ont.

The posterior palatine arteries are freed
from their foramina to give increased flap
mobility. The nasal mucosa is transected
beginning at its medial edge at a point
anterior to the posterior nasal spine and
laterally, to obtain the maximum amount
of nasal mucosa to be displaced posteriorly
with the soft palate. The oral and nasal
mucosa are sutured, and the tensor palate
and levator palate muscles approximated
with a chromic suture.
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Fig. lc

Fig. Id

Fig. le
Fig. 1.—(c) Lateral release incisions in the hard
flaps, (d) As much nasal mucous membrane as possible
cosa and muscularis are closed, (f) The oral mucosa
operation was also done for all types of complete clefts,
when the clefts were wide.

The palate lengthening procedure is
essentially the same, except that the muco
periosteal flaps are freed anteriorly and,
with closure of the cleft palate, the flaps
appear to be shifted posteriorly (Fig. 2).
The palate is said to be “lengthened”.
The respective merits of simple closure
(von Langenbeck) and pushback (palate
lengthening) have long been debated; as
a result, we decided to study the two
operations at the Hospital for Sick Chil
dren, Toronto. For years at this centre the
pushback procedure of Dorrance and
Shirazy4 as described by LeMesurier6 had
been used. The results obtained with it had
previously been reviewed by Lindsay.7 In
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Fig. If
palate with elevation of the mucoperiosteal
is elevated and transected, (e) The nasal mu
is closed; the operation is completed. This
except that the anterior end was left open

the present study, we compared this opera
tion with simple closure in which a doublebased flap is formed on each side of the
midline and much less mucoperiosteum is
detached in the anterior hard palate.
C l e f t P a l a t e R e p a ir

The ideal cleft palate repair is one that
results in normal speech, produces anato
mical closure, results in minimal retardation
of maxillary growth and minimal dentoalveolar deformity. The relative advantages
and disadvantages of simple closure (von
Langenbeck palatoplasty) and the pushback repair will be examined under these
headings.
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Fig. 2.—Diagrammatic comparison of the two palate operations, (a) Simple closure
(von Langenbeck). (b) Palate lengthening (pushback) procedure. Note the added dissection
required in the anterior palate with the latter operation.

Normal Speech

Velopharyngeal closure, which is essen
tial for normal speech, depends upon a
palate of adequate length and mobility in
a normally proportioned and active naso
pharynx. It is generally agreed, although
not proved, that simple closure, though it
does not produce as long a palate as the
pushback procedure, does give a more
mobile palate.
Anatomical Closure

Complete closure of the hard palate
separating the nose from the mouth makes
a smaller though still significant contribu
tion to speech. Complete closure also pre
vents food and air from escaping into the
nose, and nasal secretions and air from
entering the mouth. In simple closure, the
surgeon does not attempt to close the
extreme anterior end of the hard palate and

alveolar regions when the cleft is wide, and
hence the mucoperiosteum in this area is
not undermined or dissected. In patients
with wide complete clefts, anterior hard
palate fistulas are left undisturbed after
simple closure unless secondary procedures
are done. The anterior mobilization of nasal
mucosa and mucoperiosteum in the pushback method decreases the incidence of
anterior hard palate fistulas.

f

Maxillary Growth

The degree to which cleft palate repair
retards anteroposterior, lateral and vertical
maxillary growth is uncertain, although
both the timing and the type of operation
are important. The consensus is that the
sequelae of repair are the major causes of
impaired maxillary growth and den toalveolar deformities. If this is so, we should
be able to determine which operations

Z
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produce the least retardation of maxillary
growth. Simple closure requires less dissec
tion and, in the process, less tissue is
detached from the anterior hard palate and
anterior alveolus. It was our hypothesis that
this operation would produce less interfer
ence with the blood supply and stimulate
less fibrosis and thus cause less retardation
of maxillary growth.
Clinical Material
At the Hospital for Sick Children, Toron
to, since 1960, 93 children have had simple
closure palatoplasty. Sixty-six of these were
recalled for detailed follow-up by a speech
therapist, an orthodontist and a plastic
surgeon—one who had not operated on
them (Table I).
T A B L E I .— C l e f t P a l a t e R e p a ir

b y S im p l e C l o s u r e
(v o n L a n g e n b e c k ) in 66 P a t ie n t s

*Age at
r
e
v
(years)

1 ................

2
3
4
5
6

i e
Male

1

Complete cleft lip and
cleft palate
Cleft
w
----------------------------------- palate
Female Unilateral Bilateral
only

2

..................
..................
..................
..................
..................

6
11
9
11
1

0

1

T o t a l ...............

39

27

11 .............
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6
8
1
5
4

1

0

36

17

4
9
5
14
3

0

0

2

5
7
4
1
0

3
3
1
1
2

1

13

*Median age— 3 K years.

A control was obtained by recalling 45
children of the same age who had been
treated by the pushback procedure (Table
II). Only children who had complete clefts
T A B L E II. — C o n t r o l (P u s h b a c k ) G roup *
Complete c l e f flip
and c le ft palate

Aye at review (years)

Male

Female

3 ....................................
4 .................................
5 .................................
6
7 ....................................

2
7
19
2
0

1
2
11
0
1

T o t a l............................

30

15

....................

Unilateral
1
1
19
0
0
21

Bilateral
2
8
11
2
1

T A B L E I I I .— I n cid en ce o f A l v e o l a r a n d P o s t a l v e o l a r
F is t u l a s

Simple closure (66)

Cleft palate
only
0

Control (46)

Complete cleft lip
Complete cleft lip
and cleft palate
and cleft palate
-------------------------------- --------------------------------Unilateral Bilateral Unilateral Bilateral
16%

23%

10%

21%

R esults

Incidence of Fistulas
The incidence of fistulas in the two
groups is shown in Table III. These were
all in the anterior hard palate, alveolar and
prealveolar positions. No children in either
group had fistulas in the posterior hard
palate or the soft palate. Fistulas were
slightly more frequent and were slightly
larger in the patients repaired by simple
closure.
With fistulas, there may be audible emis
sion of air through the nose on the pronun
ciation of consonant sounds and the tone
of the voice may be slightly nasal. Food
may come up into the nose and nasal secre
tions may go down into the mouth. These
latter symptoms are much more common in
young children: older children avoid them
or compensate for them. If the fistulas are
large, the patient must wear removable
bridge work after the final dental recon
struction is completed in adolescence in
stead of the usual fixed, permanent bridge.
These restrictions may represent the best
bargain, because the surgical operation to
close the fistulas can produce dentoalveolar
deformity.
W e recommend that an anterior fistula
that causes persistent symptoms at 5 or 6
years of age be covered by a small anterior
dental plate. A similar plate is usually need
ed a few years later, not only to cover the
opening and replace the missing permanent
teeth but also to prevent the relapse of the
new orthodontic positions.

24

*For the maxillary growth study, the control group was
much larger and was made up of 71 children with unilateral
complete cleft lip and cleft palate.

of the primary and secondary palate were
used because more information can be ob
tained about maxillary growtli by studying
this group. For the maxillary growth study,
71 children with complete unilateral cleft
lip and cleft palate were used.

Maxillary Growth and Dentoalveolar
Development
Because the patients in both groups were
too young, we could not assess all facets of
maxillary growth. However, in the decidu
ous dentition, incisor-tooth relationships
and buccal segment collapse could be as
sessed (Fig. 3) and provided a general
indication of what can be expected in the
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permanent dentition. In the simple closure
group, there were 17 children with com 
plete unilateral clefts of the primary and
secondary palate over 2 V2 years of age and
with adequate records. These 17 were com 
pared with 71 control patients of the same
age group in whom the same degree of con
genital defect had been treated by the
pushback procedure.
Incisor Crossbite
Crossbite occurs when one or more max
illary teeth are medial (lingual) to their
normal relation with the mandibular arch.
W e compared the incidence of incisor
crossbite in the two groups: it is lower in
the children with simple closure. In this
group, 9 of the 17 children had positive or
normal incisors whereas only 17 of the 71
children with the pushback operation had
normal incisors.

'k
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training and those that will be permanent
without a further surgical procedure.
Using a five-point scale, which ranged
from “normal” to “unintelligible”, the sur
geon and the speech therapist independent
ly assessed the speech o f the children in
the simple closure and control groups. They
agreed in 85% of their assessments. The
results have been divided into two broad
categories: those with “acceptable” speech
and those with “unacceptable” speech. Be
cause the median age of the children in
these two groups was only 4 years, a more
refined assessment would have been mean
ingless. The results of speech assessment
(Table IV ) show that children with simple
closure have better speech results at this
age.
TABLE

I V .— S pe e c h A f t e r T w o T
Pa l a t e O p e r a t io n

Operative procedure
Simple closure

Buccal Segment Collapse
Collapse of maxillary buccal segments is
a medial movement causing constriction of
the upper dental arch. A comparison of the
frequency and degree of buccal segment
collapse in the two groups showed that the
patients with simple closure had less co l
lapse—that is, the simpler the procedure,
the less the maxillary deformities. Sixty-two
per cent of the pushback patients had m od
erate to severe collapse, whereas collapse
occurred in only 12% of those with simple
closure.
Speech Assessment

t
K

4
■<

Speech was sometimes difficult to assess
because the children were so young. Many
workers believe that speech assessment is
unreliable until the child is 7 or 8 years of
age. We believe that, in preschool children,
an experienced examiner can detect those
speech defects that are likely to improve
with maturation, those that will respond to

Fig. 3.—Varying degrees of dentoalveolar de
formities and maxillary collapse, (a) Normal incisor
and buccal segment relationships, (b) Partial (oneincisor) crossbite. Severe buccal segment collapse,
(c) Complete incisor crossbite. Mild buccal seg
ment collapse.

ypes of

Speech

Acceptable........................
Unacceptable....................

No.

40
26

%

61
39

Pushback
No.

%

19
26

42
68

Acceptable speech.—For the purpose of
this study, only those speech defects or
sound substitutions that were directly re
lated to the cleft palate were considered to
be unacceptable.
Unacceptable sp eech —This category in
cludes those patients whose tone of voice
and/or articulation reflected the effects of
the cleft palate. Intelligibility decreases
with the number of consonant sounds that
are poorly articulated and with the degree
of nasality. These speech defects can be at
tributed to anterior defects due to maxillary
deficiencies and to posterior defects due to
poor velopharyngeal closure; both may be
present in one patient.
Anterior Speech D efects
Anterior defects may result when there
is insufficient room for the tongue due to
the inward drift of the buccal segments.
This causes tongue protrusion or “splashy”
speech because either the sides or the mid
dle of the tongue, instead of the tip, are
used to articulate against the alveolus. Also,
air may escape through a fistula in the hard
palate with audible sound during speech.
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111 some cases, this leakage of air into the
nose may cause the voice to be slightly na
sal. Finally, dental malocclusions, short or
tight upper lip, may not allow normal bi
labial or labiodental sounds.

Posterior Speech Defects
Posterior speech defects may be found
when good palatal function is possible but
is not used. The patient can achieve oral
pressure but he does not use it spontane
ously. Potential palate function must be
carefully assessed. Patients with this type of
posterior speech defect usually improve
with speech therapy and may improve fur
ther with speech maturation. Posterior
speech defects also occur when velopharyn
geal closure is physiologically impossible.
These patients can achieve only a certain
degree of improvement with speech ther
apy alone and require further surgical or
prosthetic procedures to effect velopharyn
geal closure.
T A B L E V .— S p e e c h D

e fe c t s Aft er
R e p a ir

T wo T y p e s

of

P alate

Operative procedure
Simple closure
Speech defect

No.

Anterior o n ly.....................
Posterior on ly....................
B o th .....................................

8
11
7

Neither:
(acceptable speech). ..

40

Pushback

%

No.

%

12
16
11

7
15
4

16
33
9

61

19

42

The frequency of anterior, posterior or
combined speech defects is shown in Table
V. Posterior speech defects were more fre
quent in children who had the pushback
repair. Palatal length and mobility are sum
marized in Table VI. Short palates, as esti
mated by inspection, were more common
after pushback repair.

Vol. 12

be assessed if any operation is to be ap
praised accurately. The variables assessed
in this study were as follows:
Hearing—It is essential that the young
child hear the sounds made by himself and
by other people in order to achieve normal
speech. The incidence of hearing loss
among children with cleft palates appears
to be above that of the non-cleft popula
tion, and when the loss occurs it is during
the early, formative years.
Intelligence—Limited learning abilities
frequently restrict the acquisition of speech
skills. A young child with a cleft palate
whose intelligence is below average is less
likely to compensate for the residual ano
malies than is a more intelligent child.
Slow familial speech development.—
Some families have a history of slow speech
development, not necessarily related to low
intelligence. The patient may have been
later than usual developing speech even if
he had not had a cleft palate.
Poor speech environment.—Lack of en
couragement and language stimulation,
whether due to lack of concern, overprotec
tion or tension in the home, is often re
flected in the child’s speech development.
These factors were noted with approxi
mately the same frequency in both the
simple closure and the pushback groups.
The young patients achieve acceptable
speech more frequently after simple clos
ure. It is obviously important to deter
mine which of the patients with residual
speech defects will improve with time or
benefit from speech therapy. The speech
therapist’s prognosis for these children is
shown in Table VII. A higher proportion
of the pushback patients were judged to be
trainable. For the two groups of patients,
the overall speech by 8 or 10 years of age

T A B L E V I .— F r e q u e n c y o f S hort o r I m m o b il e P a l a t e s
F o l l o w in g T wo T y' p e s o f P a l a t e R e p a ir

T A B L E V II. — R e s id u a l S p e e c h D e f e c t s : P r o g n o sis

Operative procedure
Simple closure
(66)
Description of palate
Short soft p a la te ..............
Decreased soft palate
m obility........................

Pushback (45)

Speech

No.

%

No.

%

Acceptable now

6

9

14

31

10

15

10

22

Suitable for speech
th erap y ......................

Other Factors
Other variables known to influence the
development of speech and language must

Type of
defect

Posterior
Combined

Requiring surgical or
prosthetic management plus speech
th erap y...................... . Anterior
Posterior
Combined

Simple closure
%

No.

%

40

61

19

42

23

6 1
10
1)

38

17

5 I
3 )

6 )
1
■1 )

*

Pushback

No.

■ II

»

11

20

r
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would be similar, that is, about 80% would
have acceptable speech after either opera
tion.
Su m m a r y

The von Langenbeck palatoplasty (sim
ple closure) is the oldest method of cleft
palate repair in use today. No attempt is
made to lengthen the whole palate and
there is less dissection and detachment of
anterior mucoperiosteum than in the pushback procedure.
Simple closure has been criticized be
cause it leaves untouched fistulas in the
anterior mouth, gives a palate of insuffi
cient length and results in faulty speech.
The results of the present study in which
66 children who had simple closure for
cleft palate were compared with 45 chil
dren who had a pushback repair indicates
that the former will speak as well as the
latter.
After simple closure, these children had
less incisor crossbite and less buccal seg
ment collapse than those who had pushback repair. Our experience suggests that
residual anterior hard palate fistulas should
be left alone until orthodontic deformities
have been corrected.
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R esum e
La palatoplastie par “ simple fermeture” de von
Langenbeck est la plus vieille methode de repara
tion des fissures palatines qui soit encore em ployee
de nos jours. Cette operation ne cherche pas a
“ allonger” le palais et elle entraine moins de dis
section et moins de mutilation du mucoperiostum
anterieur que la technique du “pushback” .
On a accuse la methode de simple fermeture
de laisser en place des fissures non reparees dans
la portion anterieure de la bouche, d’aboutir a
une voute palatine insuffisamment longue et de
se traduire par des defauts d’elocution. En com parant les resultats de la presente etude (66 enfants traites par simple fermeture de fissures pala
tines) a ceux obtenus chez 45 enfants traites par
la methode de pushback on peut noter que les
enfants du premier groupe parlent aussi bien que
ceux du second groupe ou finiront par parler aussi
bien.
Les enfants traites par fermeture simple presentaient moins de chevauchement des incisives et
un moindre collapsus du segment buccal que ceux
qui avaient ete traites par pushback. D ’apres notre
experience, les fistules restantes dans le palais dur
peuvent etre laissees telles auelles jusau’a ce
o u ’on ait pu corriger les difformites orthodontiques.
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RESECTION OF CERVICAL LYMPH NODES IN CANCER OF THE LIP:
RESULTS IN 123 PATIENTS
LEO J. MAHONEY, M.D, M.S., F.R.C.S.[C], F.A.C.S.,* Toronto, Out.

I n patients with cancer of the lip, the rela
tive merits of partial neck dissection and
standard radical neck dissection in the
treatment of involved cervical lymph nodes
are still being debated.1'4
In the present paper I have attempted to
compare the results of partial and radical
neck dissection in 123 patients with cervical
nodal metastasis after radiation treatment
of primary cancer of the lip.
During the 34-year period from 1927 to
1961, 2696 patients with squamous cell car
cinoma of the lip were registered. Of these,
2368 patients had untreated primary
lesions. Most of these were treated by radia
tion applied in a number of ways. In the
early years, these patients were treated at
the Ontario Institute of Radiotherapy at the

cancer as patients who were traced for five
years.
Staging

The staging used in the tables included
here represents the stage of the primary
lesion when first seen according to the
Richards' classification. This classification
was first presented at the Forty-first An
nual Meeting of the American Roentgen
Ray Society in 1940. It is essentially the
same system as now recommended by the
International Union Against Cancer using
a TNM (tumour, node, metastases) nom
enclature in which the primary and second
ary lesions are staged separately. Table I
gives the details of the two classifications.

**■

TABLE I. —C lassification fo r C ancer of th e L ip
Richards classification
U.I.C.C. classification
I Primary lesion
T Primary tumour
Stage I—A unilateral or single lesion measuring T1 -Tumour measuring 2 cm. or less in its largest
not more than 1.5 cm. in diameter
dimension, strictly superficial or exophytic
Stage II—A lesion not larger than 3 cm. in diameter T2—Tumour measuring 2 cm. or less in its largest
with a corresponding degree of ulceration
dimension, with minimal infiltration in depth
or infiltration
Stage III—A lesion greater than 3 cm. and/or invad T3—Tumour measuring more than 2 cm. in its
ing adjacent structures
largest dimension or tumour with deep infiltra
tion, irrespective of its size
Stage IV—A lesion characterized by massive in T4—Tumour involving bone
volvement, of the region and gross exten
sion to adjacent structures or bone

Toronto General Hospital. Later they were
treated at the Toronto Division of the On
tario Cancer Treatment and Research Foun
dation at the Princess Margaret Hospital.
As expected, there were far more men than
women, and far more lower lips were in
volved than upper. As well as crude fiveyear survival rates, I have calculated net
survival rates, assuming that patients un
traced and dead from other causes would
have had the same survival from their lip

As a group. Stages 1, 2, 3 and 4 of the
Richards classification conform closely to
Stages Tl, T2, T3 and T4 adopted for car
cinoma of the lip by the International
Union Against Cancer.
The five-year net survival rates for pa
tients with primary lip cancer by stages
(Table II) demonstrate that, as expected,
the five-year survival for patients with small
lesions was high (Stage 1—96%). For
larger lesions, the survival rate was lower,
“Senior Surgeon, St. Michael’s Hospital, Toronto. (Stage 111—66%; Stage IV-15%). The
Assistant Professor of Surgery, Faculty of Medi
cine, University of Toronto. Consultant in Head °Dr. Gordon Richards, Director of the Ontario In
and Neck Surgery, Princess Margaret Hospital,
Toronto, Ont.

stitute of Radiotherapy, Toronto General Hospital,
1934-1949.

*
*
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II.— F i v e - Y

ear

Cancer

by

S u r v iv a l R a t e s in P r im a r y
S t a g e s o n A d m is s i o n

Stage

7------------------------------ Number

Richards
Stage

I
II
III
IV
N ot stated*

U.I.C.C.
T1
T2
T3
T4

o f cases

Alive at
jive-years

1259
483
178
48
375

855
283
84

2343

L ip

Survival rate
------------------------Crude
Net
(% )
(% )

187

6 7.9
58.6
4 7.2
12.5
4 9.9

9 6 .5
88.7
6 5.6
15.4
9 0.8

1415

6 0 .4

89.7

6

*Excluding 25 patients who had not reached fifth anni
versary.

overall five-year survival rate in these 2696
patients was 90% .
L y m p h -N ode M etastases

On clinical examination, 377 (1 4 % ) of
the 2696 patients in the series were consid
ered to have cervical lymph-node meta
stases. Of these 377, 126 patients did not
have biopsies; in 35, the records were in
complete; in 21, the biopsy was negative;
in 14, the biopsy was positive but the lesion
was considered inoperable. In all, 181 pa
tients fulfilled the operative criteria (the
primary was controlled, the nodes were
palpable and mobile, there were no distant
metastases demonstrated by clinical exami
nation or chest radiograph) and underwent
neck dissection.
These operations were performed by a
number of surgeons: those chosen by the
patient or his family doctor; staff surgeons
from the Toronto General Hospital, who
were the surgical consultants to the Ontario
Institute of Radiotherapy when it was lo
cated at the Toronto General Hospital from
1927 to 1958; and staff surgeons from other
teaching hospitals, including the author,
who have been surgical consultants to the
Ontario Cancer and Treatment Foundation
at the Princess Margaret Hospital since
1958. Because major surgical procedures
are not performed at the Princess Margaret
Hospital, the operations since 1958 have
been carried out by the various consultants
in their own hospitals. The overall opera
tive mortality was 2.7 % .
In 26 ( 1 4 % ) of the 181 patients who
underwent neck dissection no evidence of
malignant change was found on subsequent
pathological examination o f resected tis
sue. This degree of error on clinical ex
amination suggests that biopsy and “quick-

TABLE
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III.— T y p e

of

N eck D

Operation

is s e c t io n

Number

Unilateral standard radical
neck dissection combined with
contralateral upper neck dis
section ...........................................
Excision of primary tumour
com bined with separate or incon tinuitv neck dissection........
Local excision o f glands only . .

14

xclu ded

Less than 15 cases

6

3
4

Inadequate detail in
operative report
Fifth anniversarv
not y e t reached

5
T o ta l.......................................

E

Reason for exclusion

32

section” examination at operation are neces
sary in some instances to confirm that the
nodes are malignant before neck dissection
is undertaken. These 26 patients were ex
cluded from the study.
Although the records of 155 patients with
pathologically proved malignant nodes
were thus available, 32 had to be excluded
for reasons outlined in Table III. Only 123
could be used in the present study to com 
pare the relative advantages of complete
and partial neck dissection. In these 123
patients, the lip cancer was treated by radi
ation and the metastases were treated by
the procedures detailed in Table IV.
T A B L E IV .— T

ype

of

N e c k D is s e c t io n
S u r v iv a l

and

F

iv e - Y ear

Five-year survival
Operation

Number

Unilateral standard,
radical......................
M odified radical*. . . .
T otal radical
dissection................

43
2
---------45

Crude
(% )

Net
(% )

21

4 6 .7

4 8 .8

21

5 2 .5
5 2 .6

5 6 .8
7 1 .4

Alive

Unilateral upper........
Bilateral upper..........
Total partial
dissection................

40
38
78

41

5 2 .6

63.1

All dissections............

123

62

4 9 .6

5 5 .9

20

*Sternomastoid spared.

The five-year net survival rates suggest
that those patients who had bilateral upper
neck dissection had the best results (7 1 % ).
Considered as a group, patients with the
more radical (standard) neck dissection
had poorer five-year net survival rates
( 4 9 % ) than all patients with upper neck
dissection ( 6 3 % ) . The figures, however,
are not significant on statistical analysis
(Table IV).
The relationship between survival rates
and the time cervical lymph-node meta
stases appeared are shown for all patients
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T A B L E V .— F
R

e l a t io n

to

i v e - Y e a r S u r v iv a l R a t e s in a l l P a t i e n t s in
im e o f A p p e a r a n c e o f I n v o l v e d C e r v ic a l
N odes

T

Survival rate
N um ber
o f cases*

A live

C rude
(% )

Net
(% )

No involved nodes......... . .
Present on admission . .
Developed la te r ..............
N ot s t a t e d .......................

2290
153
214
9

1449
47
95
—

6 3 .2
2 8 .6
4 4 .2
—

9 7 .8
3 7 .4
4 9 .5
—

T o t a l ............................ . .

2666

T im e

*Exclud ed— 30 who had n ot yet reached the fifth year.

in the series (Table V), and for those pa
tients who had surgical treatment for the
nodes (Table V I). These data suggest that
survival is directly related to the period
of time between development of the tumour
and the appearance of the involved nodes.
The figures in Table V are statistically sig
nificant.
T A B L E V I . — F i v e - Y e a r S u r v iv a l R a t e s in R e l a t io n
T im e o f A p p e a r a n c e o f I n v o l v e d C e r v ic a l N o d e s
(P a t ie n t s T r e a t e d b y B l o c k D is s e c t io n )

to

Survival rate
T im e

N um ber
o f cases

A live

Crude
(% )

N et
(% )

Present before primary
control (all types of opera
tio n s )...................................

72

32

4 2 .1

5 0 .0

Developed after primary
control (all types of opera
tio n s )...................................

108

61

5 7 .0

6 3 .5

Failure of surgical treatment to control
the metastases was usually heralded by a
recurrence of tumour in the neck. In each
patient, I compared the site of recurrence
to the operation done to eradicate the
metastases in order to determine whether
the recurrent glands were in an area that
could have been cleared by a more exten
sive or more radical operation. Among 81
patients who had upper neck dissections, 6
had recurrent nodes in a field that should
have been cleared by a standard radical
operation on the homolateral side. Among
47 patients who had standard radical neck
dissections, 5 had recurrent nodes on the
contralateral side, which should have been
cleared if a contralateral upper neck dis
section had been done at the same time.
Among 14 patients who had a standard
radical neck dissection combined with a
contralateral upper neck dissection, 1 had
a recurrence that should have been cleared
by a bilateral standard radical neck dis
section.
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D iscussion

In patients with cancer of the lip, block
dissection of metastases in the cervical
nodes is effective treatment. The crude
five-year survival rate of such patients in
this series is 50%. On the basis of our
present data, we cannot come to any con
clusions concerning the relative effective
ness of standard radical unilateral dissec
tion, unilateral or bilateral upper neck
dissection and various other combinations.
A study of the recurrences in this series
suggests that any dissection limited to a
single area of the neck may be followed by
a recurrence in an adjacent area; hence,
gland dissection should include the largest
field possible. In any one patient, the deci
sion concerning the size of the field should
be based on the age and general condition
of the patient, the location of the primary
cancer, the location of palpable nodes and
the time of the appearance of the nodes in
relation to the appearance of the primary.
For example, a patient who is in good
physical condition, whose primary is well
lateral to the midline and who develops a
unilateral metastasis in a submandibular
node, is best treated by a standard radical
neck dissection on the same side, and an
upper neck dissection on the contralateral
side. A patient with a primary lip cancer in
or close to the midline, who has bilateral
submandibular nodal metastases, should
have a bilateral standard neck dissection.
If the age and health of the patient pre
cludes such treatment, bilateral upper neck
dissection should be performed. In a very
elderly patient who develops a unilateral
metastasis in a submandibular node two
years after the primary cancer has been
controlled, only a limited procedure such
as unilateral upper neck dissection is justi
fied. In brief, each operation must be
tailored to meet the specific problem of the
individual patient.
Su m m a r y

Of 2696 patients with carcinoma of the
lip seen at the Ontario Institute of Radio
therapy and the Ontario Cancer Treatment
and Research Foundation at Toronto in
the 34-year period between 1927 and 1961,
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377 (14%) were considered to have cervical
lymph-node metastases at some time dur
ing their treatment. Of these, 181 (48% )
met the criteria for operation and had
some form of node dissection. On patho
logical examination of the resected nodes,
malignant change was found in 155 (86% )
of these patients.
The crude overall five-year survival rates
(50%) demonstrate that block dissection
effectively controls cervical metastases
from carcinoma of the lip. Our results also
confirm that the prognosis is excellent in
small cancers of the lip, and in those who
do not develop cervical lymph-node m eta
stases until after the primary has been
controlled.
The net survival rates suggest that those
patients who had bilateral upper neck dis
section had the best results (71%). Con
sidered as a group, the patients with the
more radical (standard) neck dissection had
poorer five-year survival rates (49%) than
all patients with upper neck dissections
(63%). The figures, however, are not statis
tically significant.
For the individual patient, the best
operative procedure is that which is chosen
after full consideration of his age, physical
condition, site of primary, location of the
palpably involved nodes and the time of
development of the nodes in relation to
control of his primary lesion.
I wish to acknowledge with gratitude the re
sourceful and unlimited help afforded by Mrs.
Shirley Gordon and Miss M. McCartney of the
Medical Records Department of the Princess Mar
garet Hospital, Toronto, the Photography D epart
ment of St. Michael’s Hospital, all radiotherapists
and surgeons the results of whose work have pro
vided the material for this study and Dr. R. A.
Mustard for his advice on the form of its presen
tation.
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Resu m e
Sur 2696 malades atteints de cancer de la
levre qui ont ete traites au Ontario Institute of
Radiotherapy et a la Ontario Cancer Treatm ent
and Research Foundation de Toronto, entre 1927
et 1981, on en comptait 3 7 7 qui avaient presente
des metastases des ganglions cervicaux a un mo
ment donne de leur traitement. De ce nombre,
181 (soit 48%) etaient consideres comme candidats
possibles a l’operation; l’ampleur des excisions ganglionnaires a ete variable. Chez 155 (86%) de ces
patients, des modifications de nature maligne ont
et6 constatees dans les ganglions reseques.
L e taux global de survie de cinq ans (50%) a
permis de demontrer que la dissection enraye efficacement les metastases cervicales provenant du
cancer de la levre. Nos resultats confirment egalement que le pronostic est excellent, du moins dans
les cas de cancer benin de la levre et chez ceux
qui n’ont pas presente de metastases des ganglions
lymphatiques cervicaux apres que la tum eur pri
maire eut ete enrayee. Quant aux taux nets de sur
vie, ils montrent que les patients qui avaient subi
une dissection bilaterale de la portion superieure
du cou ont eu les meilleurs resultats (71%). En
tant que groupe, les patients ayant subi la dis
section radicale (standard) ont eu un taux de survie
de cinq ans inferieur (49%) a ceux des malades dont
la dissection avait port6 sur la portion superieure
du cou (63%). Ces chiffres n’ont cependant oas, sur
le plan statistique, de signification particuliere.
Pour un sujet donne, le meilleur traitem ent operatoire est celui qui est choisi apres avoir dument
consider^ son age, son etat general, le siege de la
tumeur primaire, la localisation des ganglions palpables et le delai entre 1’apparition de ces atteintes
ganglionnaires et le moment ou la lesion primaire
a et6 traitee.
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AVASCULAR NECROSIS OF THE FEMORAL HEAD AS A
COMPLICATION OF TREATMENT FOR CONGENITAL DISLOCATION
OF THE HIP IN YOUNG CHILDREN: A CLINICAL AND
EXPERIMENTAL INVESTIGATION”
R. B. SALTER, M.D., M.S., F.R.C.S.fCJ, F.A.C.S., J. KOSTUIK, M.D.,
F.R.C.S.JC] and S. DALLAS, M.D., Toronto, Ont.

necrosis of the femoral head
following reduction of a congenital dislo
cation of the hip is a serious complication
that militates against a satisfactory long
term result. When the necrosis involves the
entire head, the resultant deformity leads
inevitably to impaired hip function (Fig.
1). Indeed, this complication is one of the

A vascular

form of avascular necrosis of the femoral
head, with particular reference to its patho
genesis, prognosis and prevention.
T h e C linical P roblem

A review of the relevant literature re
veals considerable confusion concerning
the incidence, pathogenesis and prognosis

Fig. 1.—Radiograph of the hip joints of a 7-year-old girl who had been treated for bilateral
congenital dislocation of the hips at the age of 6 months. Treatment had consisted of closed re
duction without previous traction and without adductor tenotomies; the child’s hips had been im
mobilized in the “frog” position for a total of one year in a series of plaster of paris hip spica
casts. Note the severe deformities of the femoral heads and necks secondary to total avascular nec
rosis. Note also that the acetabula have not developed well. This serious complication of treatment will
lead to severe degenerative arthritis of both hip joints in early adult life.

commonest causes of unsatisfactory results
of closed treatment for congenital dislo
cation of the hip in young children (from
birth to 18 months of age). The purpose
of this paper is to report clinical and ex
perimental investigations concerning this

of avascular necrosis of the femoral head
following closed treatment of congenital
dislocation of the hip in young children.
Since true avascular necrosis of a congeni
tally dislocated head does not occur except
after treatment, this condition must be con
“From the Department of Surgery and the Re sidered an iatrogenic complication of
search Institute, The Hospital for Sick Children, treatment.
Toronto, Ont.
Presented at the Annual Meeting of the Canadian
Orthopaedic Association, Banff, Alta., June 1966.
The experimental investigation was supported by
National Health Grant 605-7-300.

Incidence

The reported incidence of this complica
tion varies from 0 to 73%: Crego and
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Schwartzman1 0; Scott2 (frame reduction)
Prognosis
8 % ; Severin3 9 % ; Colonna4 10%; Ponseti
There has been no general agreement
and Frigerio 5 16% ; Wilkinson and Carter8
concerning the significance, or prognosis,
22% ; MacKenzie, Seddon and Trevor7
o f this complication in relation to long
25% ; Hilgenreiner8 33% ; Esteve9 (frame
term results. Some authors emphasize the
reduction) 38% ; Massie10 45% ; Ponseti11
gravity of this type of avascular necros's
46% ; Bost et al.i2 52% ; Esteve9 (manipu
while others believe that it has relatively
lative reduction) 67% ; Zanoli13 73% . It is
little bearing on the subsequent develop
apparent from these figures that various
ment of the hip. This divergence o f opin
forms of treatment have been used and that
ion can be explained, in part, by the obser
all clinicians have not used the same diag
vation that, in some children, the avascular
nostic criteria for true avascular necrosis.
necrosis involves the entire femoral head;
The situation has been confused further
in some, only part o f the head; and in
by the many terms that have been used
others there are only temporary radioto describe this complication. Some of these
graphic changes which in the past have
are: aseptic necrosis, osteochondritis, osteo
been interpreted as avascular necrosis but
chondrosis, traumatic epiphysitis, Pertheswhich may represent a different process. In
like changes, cystic degeneration, fragmen
the last group, there is no residual deform
tation and “stress effects”.14
ity of the femoral head and neck; conse
The congenitally dislocated femoral head
quently, the prognosis for subsequent de
is most vulnerable to the complication of
velopment of the hip joint is good. In the
avascular necrosis during the first 18
first two groups, however, there is always
months of life—a period during which the
some residual deformity of the femoral
head is composed largely of preosseous
head and neck, and the prognosis for the
cartilage; indeed, during the first six
hip, which is directly related to the sever
months of life when the femoral head is
ity of the deformity, is relatively poor.
entirely cartilaginous, it is extremely vul
nerable. Ironically, this is a period during
Theories of Pathogenesis
which the results of closed treatment can
The various theories concerning the pa
and should be virtually perfect.
thogenesis of this complication have been
The complication of true avascular ne based, for the most part, on speculation
crosis of the femoral head develops in ap rather than on scientific investigation.
proximately 30% of children under the age
These theories include the following:
of 18 months, particularly those in whom
(1 ) Trauma to the blood vessels o f the
continuous traction is not employed before
femoral head during manipulative reduc
tion of the dislocation (Platt17).
reduction. Even more disturbing is the re
port of Allen that, of 20 newborn infants
(2 ) Incongruity between the reduced
femoral head and the acetabulum (Alwho had an adduction contracture of the
hip and a presumptive diagnosis of dys vik18).
(3 ) Stretching of the extra-articular ves
plasia without dislocation, and who were
sels
leading to the hip due to extreme posi
treated in plaster casts, 14 developed avas
tions o f immobilization (Nicholson, Kopell
cular necrosis of the femoral head.1® This
and Mattei19).
report reinforces Caffey’s warning concern
(4 ) Wringing out of the vessels lying on
ing the potential danger of overtreating,
the femoral neck due to twisting of the
and thereby damaging, the hip joints of
fibrous capsule of the hip in the
infants who have an adduction contracture
position of extreme internal rotation (H obut no clinical or radiographic evidence of
worth20, 21).
dislocation.16 During the treatment of a
(5 ) Compression of the posterior su
unilateral congenital dislocation, this iatro perior vessels between the femoral neck
genic complication may even develop in
and the acetabulum (Tucker22).
the contralateral normal hip, if it is im
(6 ) Congenital abnormality of the blood
mobilized with the abnormal hip.
supply to the femoral head as part of the
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“congenital dysplasia'’ or “aplasia” (Hauberg23 and Gill24).
(7 ) Susceptibility to vascular damage on
the basis of individual variation in the vas
cular supply to the femoral head (Massie10).
The variety of these theories and the
relative lack of precise investigations con
cerning the pathogenesis of this complica
tion have stimulated us to conduct a clini
cal investigation in young children, and
an experimental investigation in young
pigs.
C l in ic a l I n v estigatio n

A retrospective investigation, conducted
at the Hospital for Sick Children in 1965,
covered the 10-year period from 1952 to
1962. Children were studied who were un
der the age of 18 months at the time of
initial closed treatment for congenital dis
location or subluxation of the hip. The in
vestigation included 140 children; in 23 of
these, the dislocation was bilateral and con
sequently the results of closed treatment
of 163 hips could be assessed.
In each child we studied the radiographs
of the hips before, during and after closed
treatment. During the second period of
five years (1957 to 1962), the method of
treatment had been altered considerably;
preliminary traction and adductor teno
tomy were used much more frequently
than during the first five-year period (1952
to 1957). Therefore, the results of treat
ment and the incidence of avascular necro
sis of the femoral head were assessed for
each of these two periods.

Radiographic Changes in the Femoral
Head Following Reduction
In the present investigation, an analysis
of the 163 hips showed that, following reFig. 2.—Temporary irregular ossification, (a)
Congenital dislocation of the right hip at 3 months
of age. (b) One year after closed reduction, ir
regular ossification of the right femoral head, (c)
Fifteen months after reduction, the ossific nucleus
is enlarging, (d) Two years after reduction, the
ossific nucleus continues to enlarge, (e) Two and
one-half years after reduction, ossification is be
coming more regular, (f) and (g) Three and onehalf years after reduction, ossification is virtually
normal. There is no residual deformity of either
the head or neck of the femur.
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Fig. 3.—Avascular necrosis, (a) Bilateral congenital dislocation of the hips at 2 months
of age. (b) Three months after closed reduction, (c) Four months after reduction, (d) Six
months after reduction, changes in the femoral necks, (e) One year after reduction, ossific
nuclei have failed to appear, (f) One and one-half years after reduction, an ossific nucleus
has appeared in the left femoral head but not in the right, (g) Two years after reduction,
fragmentation of the left ossific nucleus; the right ossific nucleus is just beginning to appear,
(h) Three years after reduction, increased density of both femoral heads and bilateral coxa
vara, (i) and (j) Four and one-half years after reduction, the femoral heads are still not com
pletely reossified. Note the deformity of the femoral heads and necks, the coxa magna and
the coxa vara.

duction, there were two main types of tion of the femoral head which was not
radiographic change in the femoral head. interpreted as avascular necrosis and
The first was temporary irregular ossifica- proved to be of little clinical significance.
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Fig. 4.—Avascular necrosis, (a) Congenital dislocation of the right hip and congenital
subluxation of the left hip at the age of 16 months, (b) Eight months after closed reduction,
neither ossific nucleus is growing, (c) One year after reduction, the left ossific nucleus is
beginning to grow, but the right is still the same size as it was at the time of reduction,
indicating partial avascular necrosis of the left femoral head and total avascular necrosis of
the right, (d) One and one-half years after reduction, the left ossific nucleus exhibits frag
mentation and the right is still not growing, (e) Two years after reduction, the left ossific
nucleus is beginning to reossify and the right is just beginning to grow, (f) and (g) Two and
one-half years after reduction, the left ossific nucleus continues to reossify and the right
exhibits increased density and fragmentation, (h) Three and one-half years after reduction, the
left ossific nucleus has healed with only slight deformity whereas the right femoral head is still
not completely reossified and exhibits deformity as well as coxa magna.

The second was true avascular necrosis of
the femoral head, which was either com 
plete or incom plete and invariably led to
permanent deformity of the femoral head
and neck.
(1) Tem porary Irregular Ossification
Before reduction of a congenitally dislo
cated hip, ossification of the femoral head
is relatively delayed; this hypoplasia, or
dysplasia, of the ossific nucleus is presum
ably secondary to a relative lack of func

tional stimulus for the dislocated femoral
head. Following reduction, however, ossi
fication of the femoral head is markedly
accelerated and during the ensuing year
or more, ossification may proceed in a
spotty, irregular manner from more than
one centre. Radiographically, this type of
irregular ossification may even suggest
“fragmentation”, but, since the ossific nu
cleus enlarges from the time of reduction,
the femoral head must be viable. Further
more, there is little increase in radiographic
density, the femoral head does not become
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Fig. 5.—Avascular necrosis, (a) Bilateral congenital dislocation of the hips at 4 months
of age. (b) Four months after closed reduction, (c) Six months after reduction, the right
ossific nucleus has appeared but the left has not; the left femoral neck, however, is becom
ing broad and irregular. This indicates that the right femoral head is viable but the left has
suffered the complication of avascular necrosis, (d) One year after reduction, (e) and (f) Two
years after reduction, ossification is appearing in the left femoral head and the neck is be
coming broader, (g) and (h) Three years after reduction, the left femoral head is reossifying;
there is coxa magna and coxa vara.

significantly deformed, and at most there is
a slight coxa magna several years later (Fig.
2). Thus, the prognosis is excellent.
For all of these reasons the phenomenon
of irregular ossification should not be con
sidered to represent avascular necrosis (as
it apparently has been in the past) al
though it may represent some type of tem
porary vascular disturbance.
(2) Avascular Necrosis

When either part or all of the femoral

head loses its blood supply and undergoes
true avascular necrosis, a series of readily
detectable and characteristic radiographic
changes occur. These radiographic changes,
which are quite different from those of
irregular ossification, are considered to be
diagnostic criteria of avascular necrosis.
Criteria for the diagnosis o f avascular ne
crosis .—After an analysis of the series of

radiographs of children who developed the
complication of avascular necrosis following
closed treatment for congenital dislocation
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of the hip, the following criteria for its
early diagnosis would seem to be valid: (1)
Failure of appearance of the ossific nucleus
of the femoral head during one year or
longer after reduction (Fig. 3). (2 ) Fail
ure of growth in an existing ossific nucleus
during one year or longer after reduction
(Fig. 4 ). (3 ) Broadening of the femoral
neck during one year after reduction ( Fig.
5 ). (4 ) Increased radiographic density of
the femoral head followed by the radiographic appearance of fragmentation ( Figs.
3 and 4 ). (5 ) Residual deformity of the
femoral head and neck when reossification
is complete. These deformities include coxa
magna, coxa plana, coxa vara and a short
broad femoral neck.
Extent o f involvem ent o f the fem oral
h e a d —In children who show total involve
ment of the femoral head, the residual de
formities of the femoral head and neck are
severe (Figs. 3 and 4). In those who have
partial involvement of the femoral head,
the residual deformities, although signifi
cant, are less severe (Fig. 5 ). The presence
of avascular necrosis of the femoral head is
also associated with inadequate develop
ment of the acetabulum after reduction and
residual subluxation of the hip.
Results o f the Clinical Investigation

Vol. 12

Fig. 6.—Child in a hip spica cast in the first
Lorenz (frog) position; the hips are in 90° of
flexion and 90° of abduction.

Significant Factors in the Incidence o f
Avascular N ecrosis
The incidence of the complication of
avascular necrosis of the femoral head in
the present series of young children (from

(1) Period F rom 1952 to 1957
Of the 66 congenitally dislocated hips
treated by closed reduction during this fiveyear period, 20 femoral heads (3 0 % ) re
vealed definite evidence of avascular ne
crosis. In 9 of these femoral heads, there
was total involvement and in the other 11
there was partial involvement. Temporary
irregular ossification of the femoral head
was seen in an additional 10 femoral heads
(1 5 % ).
(2) Period F rom 1957 to 1962
Of the 97 congenitally dislocated hips
treated by closed reduction during this
second five-year period, 15 femoral heads
(1 5 % ) revealed definite evidence of avas
cular necrosis. In seven of these there was
total involvement and in the other eight
there was partial involvement. Temporary
irregular ossification was seen in an addi
tional six femoral heads (6 % ).

Fig. 7.—Child in a hip spica cast in the second
Lorenz (Lange) position; the hips are in full in
ternal rotation and abduction.
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Fig. 8.—Femoral head of a young pig. India ink was injected into the aorta and cleared by
the Spalteholtz technique. The epiphyseal vessels enter the cartilaginous portion of the femoral head
proximal to the epiphyseal plate. They course through the preosseous cartilage model to supply the ossific nucleus as well as the surrounding unossified cartilage where they end in delicate sinusoidal ex
pansions.

birth to 18 months of age) was found to
be highest under certain circumstances
which seem to be significant. These were
as follows: (1 ) Complete dislocation (as
opposed to a subluxation). (2) No traction
before reduction. (3 ) No adductor teno
tomy before reduction. (4 ) Rigid immo
bilization of the reduced hip in an extreme
position—(a ) first Lorenz (frog) position
(Fig. 6 ), and (b ) second Lorenz (Lange)
position (Fig. 7).
During the second five-year period,
when continuous traction and adductor
tenotomy were practised more frequently
before reduction, the incidence of this
complication decreased from 30% to 15% .
Although the Lange position had been
abandoned during this second five-year
period, the frog position was still in use.

Conclusions From the Clinical
Investigation
On the basis of the present clinical in

vestigation, we concluded that the com
bination of tight muscles about the hip
(particularly the adductors) at the time of
reduction and rigid immobilization of the
hip in an extreme position ( particularly ab
duction) tended to produce avascular ne
crosis of the femoral head. We further con
cluded that this combination might produce
avascular necrosis because of increased
pressure between the reduced femoral
head and the acetabulum. Thus, the clinical
investigation provided some clues con
cerning the pathogenesis of this complica
tion, but no definite proof.
It was apparent that further evidence
concerning pathogenesis could be obtained
only from an experimental investigation in
young animals.
E x p e r im e n t a l I n v e st ig a t io n

The seriousness of avascular necrosis of
the femoral head as a complication of
closed treatment of congenital dislocation
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of the hip in young children, the widely di
vergent views concerning its pathogenesis,
and the clues gained from the present clini
cal investigation stimulated us to conduct
an experimental investigation in young
pigs. The experimental investigation in
cluded a study of the normal blood supply
to the femoral head, experimental produc
tion of avascular necrosis, its pathogenesis
and its prevention.

Hypothesis and Purpose of the
Experimental Investigation

Vot 12

and compressible cartilaginous portion of
the femoral head. Prolonged occlusion of
the vessels within the femoral head could
lead to avascular necrosis of the preosseous
cartilage as well as of any existing ossific
nucleus.
The purpose of the experimental investi
gation was to test the validity of this hypo
thesis by determining the effects of com
pression of the immature femoral head on
its blood supply.

Normal Blood Supply to the Immature
Femoral Head

The hypothesis we formulated to explain
this complication is as follows: if the ad
ductor muscles are tight when the hip is
reduced, extreme abduction of the reduced
hip greatly increases the pressure between
the femoral head and the acetabulum. The
continuous pressure thus exerted—and
maintained—by rigid immobilization of the
reduced hip in extreme abduction, could
compress and thereby occlude the blood
vessels as they course through the resilient

The normal blood supply to the femoral
head in human infants has been well de
scribed by Trueta25 and Crock.26 In a pre
vious experimental investigation using vari
ous intravascular inj'ection techniques, Sal
ter and Schatzker found that the blood
supply to the femoral head in infant pigs
was comparable to that in human infants,
not only in relation to the distribution of
vessels leading to the femoral head but also

Fig. 9.—Microscopic appearance of a sinusoidal
expansion in the preosseous cartilage of the pig’s
femoral head shown in Fig. 8. The central arteri
ole and surrounding venules are encased in pre
osseous cartilage which is resilient and compres
sible.

Fig. 10.—Three-week-old pig with the hips
maintained in forced abduction comparable to the
frog position by means of a plaster of paris hip
spica cast.
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Fig. 11.—Micropaque angiogram of the femoral head of a 3-week-old pig whose hips had
been maintained in adduction for a three-week period. Note the normal vascular pattern in the fe
moral head.

in relation to their distribution within the
head.
The epiphyseal vessels enter the head
from its periphery proximal to the epiphy
seal plate and course through the preosseous cartilage model to supply the ossific
nucleus and the surrounding unossified
cartilage (Fig. 8 ). Within the preosseous,
or unossified, cartilage of the femoral head,
the vessels end in delicate sinusoidal ex
pansions with a central arteriole and sur
rounding venules (Fig. 9 ). In the pig, a
small ossific nucleus is present in the fe
moral head at birth whereas, in the human,
this nucleus does not normally appear until
approximately 6 months of age. Thus, at
birth, the pig’s femoral head is developmentally comparable to the human femoral
head at approximately 1 year of age. In
both the pig and the human, the preos
seous cartilage containing the epiphyseal

vessels is resilient and compressible, rather
like India rubber.
T he Experim ental Design
In an attempt to simulate the clinical
situation of young children being treated
for congenital dislocation of the hip, the
experiment was designed to produce an
adduction contracture of the hips in the
infant pig after which the hips were im
mobilized in plaster casts in extreme ab
duction—a position comparable to the frog
position.
Experim ental M ethods
(1) Production o f an A dduction
Contracture
The hip joints of infant pigs (within a
few days of birth) were maintained in the
cross-legged (adducted) position by means
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Fig. 12.—Micropaque angiogram of the femoral head of a 5-week-old pig whose hips had
been maintained in adduction for three weeks after which they had been maintained in forced ab
duction for two weeks. Note the severe disturbance of the vascular pattern in the femoral head. The vas
cular block is in the vessels as they course through the preosseous cartilage within the head.

of elastic tape for a period of three weeks.
During this time the infant pigs were able
to get about by dragging their adducted
legs behind them. At the end of three
weeks, the adductor muscles were tight
and there was a marked adduction con
tracture of both hips.
(2) Immobilization in Plaster Casts

Plaster of paris hip spica casts were ap
plied with the infant pigs under general
anesthesia. The hip joints were forced
into a position of abduction comparable to
the frog position (Fig. 10).
(3) Injection Technique for
Angiography

The angiograms were performed on liv
ing pigs under general anesthesia. Micro
paque (5 0 % weight by volume) was in

jected into the aorta at open operation
using a Beckman solution metering pump
—model 746, which delivered 20 cm. of
micropaque per minute at a pressure of
110 mm. Hg (the normal blood pressure
of the p ig ). The perfusion of the lower
limbs was continued until micropaque was
seen returning through an opening in the
inferior vena cava. The animals were sacrified at the end of the perfusion; the distal
one-half of the animal was fixed in 10%
formalin for 10 days after which the soft
tissues were dissected from the pelvis and
femora. The femoral heads were then cut
into three relatively equal parts in the
coronal plane and radiographed.
In some animals the injection material
was India ink; the technique of injection
was similar to that described above and
the Spalteholtz technique was used to clear
the specimens.
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Fig. 13.—Micropaque angiogram of the femoral head of a 5-week-old pig whose hips had
been maintained in adduction for three weeks after which the resultant adduction contracture was
overcome by a bilateral adductor myotomy. The hips had then been maintained in abduction for two
weeks but without force. Note the normal vascular pattern in the femoral head.

Series of Experiments and Results
(1) Series I. (Adduction Alone)
In 20 newborn pigs, an adduction con
tracture was produced over a period of
three weeks. At the end of this time, angio
graphy was performed after which the
animals were sacrificed.
R esults—There was no disturbance of
the vascular pattern in any of the femoral
heads of these 20 pigs (Fig. 11).
(2) Series II. (Abduction Alone)
In 20 pigs, 3 weeks of age, with no pre
vious immobilization and hence no adduc
tion contracture, the hips were placed in
80° of abduction under general anesthesia
and immobilized in a hip spica cast in the
frog position. Immobilization was con
tinued for two weeks after which angio
graphy was performed and the animals
were sacrificed.
R esults—There was some degree of dis
turbance of the vascular pattern in 30 of

the 40 femoral heads; the disturbance,
however, was slight.
(3) Series III. (Adduction Followed by
Abduction)
In 20 newborn pigs, an adduction con
tracture was produced over a three-week
period as in Series I. At the end of this
time, the hips of these pigs exhibited
marked limitation of abduction. The hips
of each of these pigs were then placed in
abduction under general anesthesia. A force
of approximately 10 lb. was required to
produce 70° of abduction. The hips were
immobilized in the frog position in 70° of
abduction for two weeks after which angio
graphy was performed and the animals
sacrificed.
Results.—There was a severe disturbance
of the vascular pattern in all 40 of the fe
moral heads (Fig. 12). The vascular block
was in the vessels as they course through
the preosseous cartilage within the head.
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Fig. 14.—Radiograph of a section of the femoral head of a 15-week-old pig whose hips had
been maintained in adduction for three weeks, maintained in forced abduction for two weeks and then
allowed free for 10 weeks. Note the appearance of a “head-within-a-head”. The size of the smaller
head is exactly the same as that of the ossified portion of the femoral head at the time the
pig’s hips had been put in forced abduction.

(4) Series IV. (Adduction Followed by
Adductor Myotomy Before Abduction)
In 20 newborn pigs, an adduction con
tracture was produced over a period of
three weeks as in Series I and III. At the
end of this time, the hips of these pigs
exhibited marked limitation of abduction.
We then did a bilateral open adductor
myotomy under general anesthesia to re
lease the adduction contracture. The hips
of each of these pigs were then placed in
abduction. Almost no force (other than
gravity) was required to produce 70° of
abduction. The hips were immobilized in
the frog position in 70° of abduction for
two weeks after which angiography was
performed and the animals sacrificed.
Results.—'There was no disturbance of
the vascular pattern in any of the femoral
heads of these 20 pigs (Fig. 13).
(5) Series V. (Survival Experiment—Ad
duction Followed by Abduction)
This series was identical to Series III

except that at the end of the two periods
of immobilization the animals were al
lowed to survive and run free. These ani
mals were subsequently sacrificed at
periods varying from 3 to 10 weeks later.
The femoral heads were radiographed
without previous angiography.
Results.—Radiographs of the femoral
heads of these pigs revealed the pheno
menon of a “head-within-a-head” (Fig.
14). The size of the smaller head was
exactly the same size as that of the ossified
portion of the femoral head at the time the
hips had been put in extreme abduction.
Thus, the size of the smaller head serves as
a time-marker for the initial vascular occlu
sion. During the first three weeks, the ossific nucleus did not increase in size but
the cartilage model did; subsequently the
preosseus cartilage ossified. These changes
are best shown schematically (Fig. 15).
Conclusions From the Experimental
Investigation
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From Series IV, we concluded that the
complication of vascular occlusion within
the femoral head could be prevented by
completely releasing the tight adductor
muscles (adduction contracture) before
maintaining the hips in abduction. From
Series V, we concluded that the first indica
tion of avascular necrosis of the femoral
head after the hip was immobilized in ex
treme abduction was the failure of the ossi
fic nucleus to increase in size over a fiveweek period (two weeks in the cast and
three weeks out of the cast). It was also
concluded that the size of the smaller head
in the “head-within-a-heacl” phenomenon
serves as a reliable time-marker for the ini
tial vascular occlusion.

Fig. 15.—Schematic representation of the se
quence of events following avascular necrosis of
the femoral head in young pigs. In this experi
ment, avascular necrosis of the femoral head had
been produced by ligation of vessels (medial and
lateral circumflex arteries). Three weeks after
occlusion of the vessels the ossific nucleus has
failed to grow; the preosseous cartilage, however,
has grown and this accounts for the increased
cartilage space. Three months after occlusion, the
femoral head has become revascularized and new
bone has been laid down in the preosseous carti
lage. The dense line that demarcates the “headwithin-a-head” is analagous to a growth arrest
line. The size of the smaller head is exactly the
same as that of the ossified portion of both femo
ral heads at the time of vascular occlusion.

On the basis of the present experimental
investigation, several conclusions were
reached. From Series I, we concluded that
immobilization of the hip without com
pression on the femoral head did not alter
the vascular pattern. From Series III, we
concluded that the vascular occlusion,
which occurred in vessels within the pre
osseous cartilage of the immature femoral
head, was caused by direct and continuous
compression of the cartilage model be
tween the femoral head and the acetabu
lum. This compression in turn was caused
by the maintained position of extreme ab
duction in the presence of tight adductor
muscles (an adduction contracture). Even
in the absence of an adduction contracture,
immobilization of the hip in extreme ab
duction against the tension of normal ad
ductor muscles, produced some degree of
vascular disturbance in 30 of 40 hips
(Series II).

C o rrelatio n Be t w e e n th e C l in ic a l
E x p erim e n ta l I nvestig ation s

and

The results of the experimental investi
gation correlate well with those of the
clinical investigation. Both investigations
emphasize the importance of the combina
tion of tight adductor muscles and immo
bilization of the immature hip in a position
of extreme abduction in the pathogenesis
of this type of avascular necrosis of the
femoral head. Furthermore, both investi
gations indicate one key to prevention of
this complication, namely, avoidance of
continuous compression of the cartilage
model between the immature femoral head
and the acetabulum.
In both investigations, failure of the os
sific nucleus to increase in size was the
first indication of avascular necrosis. The
different periods of such growth failu refive weeks in the pig and one year in chil
dren—reflect the fact that, in their respec
tive growing periods, five weeks in the pig
is roughly comparable to one year in the
human. The radiographic phenomenon of
the “head-within-a-head” seen in the ex
perimental investigation has also been ob
served in children; we presume that it has
the same significance in the human as in
the pig (Fig. 16).
P reven tion of A vascular N ecrosis
o f the F em o ra l H ead

The key to prevention of the complica
tion of avascular necrosis of the femoral

58

THE CANADIAN JOURNAL OF SURGERY

Vol. 12

Fig. 16.—Radiographs of the hips of a child with congenital dislocation of the right hip. (a)
At 18 months of age. (b) One and one-half years after closed reduction, the ossified part of the right
femoral head is irregular; a “head-within-a-head” is apparent and the smaller head is exactly the same
size as that of the ossific nucleus of the right femoral head at the time of closed reduction IK
years earlier.

head during closed treatment of congenital
dislocation of the hip seems to be avoid
ance of continuous compression between
the immature femoral head and the aceta
bulum. Therefore, treatment of young
children with congenital dislocation of the
hip should include the following measures:
(1 ) Continuous traction before closed re
duction (Fig. 17). (2 ) Subcutaneous ad
ductor tenotomy at the time of reduction.
(3 ) Immobilization of the reduced hip in
a position that does not compress the fe
moral head against the acetabulum (Figs.
18 and 19).
We concluded that the frog position900 of abduction, which is comfortable for
the frog and which should probably be re
served for the frog—is potentially harmful
Fig. 17.—Continuous tape traction on the lower
limbs of a 16-month-old child with bilateral con
genital dislocation of the hips. The traction is
continued for at least two weeks before a gentle
closed reduction of the dislocations.
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ing application of the hip spica cast should
be that of gravity.
The validity of these conclusions is em
phasized by the clinical observation that
the more frequent use of continuous trac
tion and subcutaneous adductor tenotomy
reduced the incidence of avascular necro
sis from 30% in the first five-year period
to 15% in the second five-year period.
Furthermore, in an additional clinical in
vestigation covering the period since the
“human” position was adopted (1962 to
1967), the incidence of avascular necrosis
declined further—to approximately 5 % —
and the vascular changes in these hips have
been relatively mild.
Su m m a r y and C onclusions

Fig. 18.—Three-month-old child wearing a
Frejka pillow splint. The hips are not rigidly im
mobilized and yet are maintained in a stable
position. This type of splint is particularly useful
for newborn infants.

to humans and should be replaced by the
“human” position—marked flexion and
slight abduction. Following adductor teno
tomy, the only abduction force exerted dur-

Fig. 19.—Ten-month-old child in a hip spica
cast in the “ human” position. The hips are in
marked flexion (more than 90°) but only slight
abduction (much less than 90°). A subcutaneous
adductor tenotomy has been performed and there
is virtually no compression of the cartilage be
tween the immature femoral head and the aceta
bulum.

Avascular necrosis of the femoral head,
either partial or complete, is a serious
iatrogenic complication of closed treatment
of congenital dislocation of the hip in
young children. This complication leads to
permanent deformities of the head and
neck of the femur, and to inadequate de
velopment of the acetabulum, and conse
quently has a bad prognosis. Criteria for
the diagnosis of this type of avascular ne
crosis have been outlined. The condition of
temporary irregular ossification of the fe
moral head, often confused with avascular
necrosis, does not lead to permanent de
formity of the head and neck of the femur
and consequently has a good prognosis.
From the present clinical investigation of
163 hips in young children (from birth to
18 months), the significant factors in the
incidence of avascular necrosis were failure
to use traction before reduction, failure to
perform adductor tenotomy at the time of
reduction and finally, immobilization of the
reduced hip in an extreme position—par
ticularly extreme abduction.
From the present experimental investiga
tion in 200 hips of 100 young pigs, we
have concluded that the most significant
cause of this type of avascular necrosis of
the femoral head is continuous compres
sion of the cartilage model between the
femoral head and the acetabulum. This
compression, which results from the com 
bination o f tight adductor muscles and im
mobilization of the immature hip in ex
treme abduction, occludes the vessels with-
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in the preosseous cartilage of the immature
femoral head and leads to avascular ne
crosis.
The iatrogenic complication of avascular
necrosis of the femoral head following
closed treatment of congenital dislocation
of the hip in young children can, to a large
extent, be prevented by continuous traction
before reduction, subcutaneous adductor
tenotomy at the time of reduction and
immobilization of the reduced hip in the
“human” position of marked flexion and
only slight abduction—a position that does
not compress the femoral head against the
acetabulum.
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R esu m e
La necrose avasculaire de la tete femorale est
une complication majeure de la reduction fermee
de la luxation congenitale de la hanche chez le
jeune enfant. L’auteur rappelle les criteres sur
lesquels il faut baser le diagnostic de cette ne-
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crose avasculaire. On confond sou vent l’ossification irreguliere temporaire de la tete femorale
avec la necrose avasculaire, alors que la premiere,
ne conduisant pas a une difformite permanente
de la tete et du col du femur, a un bon pronostic.
Nous avons actuellement une experience clinique
portant sur 163 hanches de jeunes enfants et
nous disposons egalement de donnees experimentales portant sur 200 hanches de 100 jeunes
pores. On peut en conclure que la cause la plus
importante de ce type de necrose avasculaire de
la tete femorale est la compression continue qui
s’exerce entre la tete femorale et la cavite coty-

loide. Cette compression provient de la com binaison de muscles adducteurs serres et de l’immobilisation de la hanche immature en position
d’extreme adduction. II est possible, dans une
large rnesure, de prevenir cette complication iatrogene: il suffit d appliquer une traction continue
avant la reduction, de pratiquer une tenotomie
sous-cutanee des adducteurs au moment de la
reduction et d’immobiliser la hanche reduite dans
la “ position humaine” de flexion marquee et de
legere abduction seulement, position qui ne cornprime pas la tete femorale contre la cavite cotyloi'de.

H O M O TRAN SPLAN TATIO N OF CANINE
LIVER: THE “ REVERSE” W ELCH
TE C H N IQ U E
During recent years, it has been established
that auxiliary liver homografts which are
placed in ectopic locations can undergo invo
lution by other means than rejection. The pro
totype of this operation was described by
W elch, and Goodrich et al. They placed the
extra liver in the right paravertebral gutter.
The hepatic arterial supply was derived from
the aorta or iliac artery. Venous inflow was
reconstituted by anastomosing the distal iliac
vein or inferior vena cava to the homograft
portal vein. It has been shown that the total
blood flow to such W elch homografts is equal
to that in the dog’s own undisturbed liver. Al
though the transplanted organs are protected
from rejection by host immunosuppression,
they atrophy in a way not seen in orthotopic
homografts that are normally vascularized in
the liver fossa.
In the present study, a modification of aux
iliary transplantation was designed to test fur
ther the interrelationship between host and
graft livers in immunosuppressed dogs.
The procedure used for these experiments
might be considered a “ reverse” W elch opera
tion. In W elch’s preparation, the autologous
liver had a normal blood supply while the
homograft was vascularized in the same way as
with a portacaval transposition. In our animals
the host liver was subjected to the transposition
and portal flow was directed through the homo
graft.
With this change, extreme homograft atro
phy was avoided. In three o f the seven animals
in which all the splanchnic flow seemed by an
giography to pass to the homograft, there was
little or no weight loss o f the transplant; in the
other four, the degree of atrophy was moder
ate, compared to that seen in W elch-type auxil
iary livers. The improvement was evidently not

due to an imbalance in the volume of blood
flow to the dual organs. It has been shown
that the b lood flow to the two livers after
W elch’s procedure is equivalent; the same
finding pertained in the present study. In 
stead, the partial protection of the homografts
was probably the result of perfusing them
with splanchnic venous blood according to
the concept developed b y Marchioro et al.
The fact that some homograft atrophy com 
monly occurred despite its perfusion with
splanchnic venous b lood adds a further pre
cautionary note about the wisdom o f auxili
ary hepatic transplantation to patients whose
own livers possess significant residual fu n c
tion. In a competitive environment, primary
exposure to splanchnic blood flow is a physio
logic advantage, but one that may not be suf
ficient if the homograft is subjected to the in
jury of severe but potentially reversible rejec
tion. Under the latter circumstance, the only
hope for long-term transplant function m ay be
if the new organ is unopposed, as is the case
with orthotopic homotransplantation.
Auxiliary liver homografts were revascular
ized in the lower abdom en of dogs with an
arterial b lood supply from the aorta and with
a portal venous supply that was derived from
the host splanchnic bed. The animals’ own
livers were deprived o f splanchnic flow but this
was replaced with systemic venous blood. Total
hepatic b lood flow in the co-existing livers was
approximately equal. Under these conditions
the hom ograft atrophy often seen after auxili
ary transplantation was reduced but not pre
vented. The findings have been discussed as
they relate to the mechanism o f hom ograft
atrophy and to the applicability of such tech
niques for the treatment o f human disease.—
Daloze, P. M. et al.: Auxiliary homotransplan
tation o f the canine liver with the use o f a
“reverse” W elch technique, Surgery, 64: 934,
1968.
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THALAMOTOMY FOR PAIN: LESION LOCALIZATION BY DETAILED
THALAMIC MAPPING0
RONALD R. TASKER, M.D., F.R .C.S.[C],f Toronto, Ont.

Pain for which no specific therapy can be
offered—intractable pain—can be relieved
only by isolating the responsible lesion
from that portion of the brain where the
pain is appreciated. Despite the hope that
a biochemical or physiological means of
interrupting the conduction of nervous im
pulses will eventually be found, such isola
tion still depends, in most instances, on
physical destruction of nervous tissue. In
the simplest circumstances, surgical or
chemical neurectomy or rhizotomy may be
done. In others, the pain-conducting, lateral
spinothalamic tract in the spinal cord may
be severed by open or percutaneous cord
otomy. Where indicated, these peripheral
procedures afford excellent pain relief.
However, for the relief of intractable pain,
intracranial procedures are necessary in the
following circumstances: (1 ) pain in the
head and neck, too far rostral for relief by
cordotomy, (2 ) “central’ pain due to un
known mechanisms in nervous tissue itself,
i.e. postherpetic neuralgia, thalamic syn
drome, the pain that follows cord injury,
and phantom pain—all of which are poorly
controlled by peripheral procedures, and
finally (3 ) pain that is widespread through
out the body.
The rationale behind intracranial opera
tions for the relief of pain depends upon
the anatomy of the sensory-receiving struc
tures of the thalamus. In general, two types
of primary afferent pathway ascend in the
spinal cord and brain stem: the lemniscal—
carrying appreciation of touch, pressure,
position, movement and vibration; and the
lateral spinothalamic—carrying appreciation
of pain and temperature. Both these pri
mary systems probably give off collaterals
to the brain stem’s reticular formation on
both sides before continuing, chiefly on the

"Supported in part by the Helen Scott Playfair
Fund of the University of Toronto and the Irene
Eleanor Smythe Pain Fund o f the Toronto Gen
eral Hospital.
•(•Department of Surgery, University o f Toronto
and Division of Neurosurgery, Toronto General
Hospital, Toronto, Ont.

contralateral side, to the thalamus. The soformed secondary ascending pathways
through the reticular formation, which are
multisynaptic and bilateral, presumably
carry slow impulses that are appreciated as
non-discrete, poorly localized sensation. On
the contrary, the primary pathways traverse
only three synapses and carry fast impulses
giving rise to discrete, well-localized sensa
tion. Doubtless, cranial nerve sensory func
tion is organized in a similar fashion, via
the specific and non-specific quintothalamic
pathways.
Thus arose the concept of two types of
pain systems: ( I ) a primary, discrete, spe
cific, localized, rapid type with chiefly con
tralateral conduction in specific tracts, and
(2 ) a secondary, less discrete, non-specific,
ill-localized, slower type, with conduction
bilaterally and diffusely through the brain
stem.
It has long been agreed that the second
ary diffuse pathway relays bilaterally in the
intralaminar nuclei en route to the associa
tion cortex, although the particular area in
the nuclei remains in doubt.1 Until recent
ly, however, there has been confusion about
the thalamic termination of the primary
discrete pathways because, although the
specific touch and pressure ( lemniscal)
pathway terminates in the contralateral spe
cific sensory relay nucleus—the ventrobasal
complex (ventral posterior medial [arcu
ate] and ventral posterior lateral nuclei) —
we did not understand how the primary,
specific or discrete pain pathways termi
nated. By their work, Emmers et al.2A have
dissipated much of the confusion. These
workers showed that, in the sensory thala
mus of the rat, the body is represented
twice in orderly somatotopic fashion. They
have shown that the medial lemniscus,
which carries sensation other than pain and
temperature, terminates in a large nucleus
in which the contralateral one-half of the
body is represented in a highly discrete
three-dimensional pattern, oriented with
the face medial, and tail lateral. This is
the relay nucleus for the first cortical soma-
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tosensory area (S I). The SI nucleus occu
pies all but the posterior and inferior por
tions of the ventrobasal complex.
The primary pain tracts, on the other
hand, terminate in a second nucleus in
which the body is represented less discretely
but still somatotopically and, to some de
gree, bilaterally. This representation hangs
down from the first (from anterodorsal to
inferoposterior) in such a way that the face
and arm regions of the two configurations
converge, legs and tails diverge. This sec
ond nucleus is the relay nucleus for the
supplementary sensory (second somatosen
sory ) area of cortex ( SII). The SII nucleus
occupies the remainder of the ventrobasal
complex and certain thalamic nuclei im
mediately posterior to it, including at least
part of the posterior group of nuclei.
In summary, the primary, discrete, speci
fic, pain pathways ascend chiefly contralaterally to their own somatotopic relay nu
cleus (SII) behind that of the lemniscus
( SI); and the secondary, diffuse, non-speci
fic pain pathway ascends bilaterally and
diffusely through the reticular formation to
the intralaminar nuclei.
Tasker and Emmers5 have demonstrated
a similar arrangement in man. The larger
human lemniscal relay “homunculus” (SI)
extends from 9 to 19 mm. lateral to the
midline presumably occupying most of the
ventrobasal complex. The smaller relay
homunculus of the pain tract (SII) hangs
down from the larger between 13 and 16
mm. lateral, occupying presumably the
posterior and ventral portion of the ventro
basal complex and at least part of the pos
terior group of nuclei.6 The inside of the
human mouth, tongue, and throat (which
belong to the lemniscal homunculus) are
located inferior, posterior, and medial to
the rest of the larger SI homunculus 9
mm. from the midline, in close association
with the rostral end of the specific pain
tracts (lateral spinothalamic and quintothalamic tracts). The latter are, in turn,
interpolated between the non-specific reticulothalamic sensory tracts carrying
secondary pain pathways on the medial
side, and the medial lemniscus on the
lateral side. The intralaminar nuclei—the
termination of the non-specific pain paths—
lie medial to the larger homunculus (S I).
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The frontal association cortex, related
white matter (the lesion sites in various
types of lobotomy) and the dorsomedian
nucleus of thalamus with which it connects
—the target in certain stereotactic psychosurgical procedures—all must be considered
in any discussion of the physiology of pain
because they change pain appreciation
through modification o f affect. Their de
struction does not alter sensation itself.
During the 1930’s and 1940’s, two main
approaches were taken in intracranial op 
erations for the relief of pain: open opera
tions to section the primary pain paths in
the brain stem,7 and lobotomy and other
affect-modifying procedures.8 The former
had the disadvantage o f exposing the pa
tient to a major surgical risk, while the lat
ter did not actually relieve the pain itself.
In 1947, when they introduced human
stereotaxy, Spiegel et al.9 ushered in a new
era in pain-relief surgery (as the growing
volume of literature indicates10'20) because
through stereotaxy any site in the central
nervous system could be destroyed by re
mote means through a simple burr hole.
In these reports of pain relief by stereotac
tic procedures, between 3% and 7 % o f the
patients died, and 3 % to 4% had signifi
cant dysesthesia due to interference with
sensory structures in the brain stem. The
lesions were made in specific and non
specific pain tracts, and in nuclei or tracts
from the midbrain through to the thalamus.
As time went on, however, it became ap
parent to Mark and Ervin20 and to others
that lesions made in the non-specific thala
mic sensory (intralaminar) nuclei, prefer
ably bilaterally, had two advantages over
lesions in the specific system namely, su
perior pain relief and sensation preserva
tion. After lesions in all the various sensory
structures of the brain stem, pain is relieved
at first in 70% to 90% of patients but long
term relief falls to 30% to 4 5 % . Such oper
ations are best for the relief of pain due to
malignancy, but still may be the only hope
for relief in some patients with “ central”
pain not due to cancer.
T he P resent Study

Although many workers have reported
stereotactic operations done for the relief
of pain, most of them have not been based
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on an ideal method of locating the lesion.
Many rely on only approximate radiologi
cal localization; others use crude or frag
mentary physiological studies as the basis
for lesion placement. The present report de
scribes personal experience with stereo
tactic pain-relieving operations, in which
the site of the lesion is determined by using
a simple thalamic mapping technique. This
technique permits the operator to locate the
primary SI and SII relay nuclei and thenafferent tracts directly, and to find the sec
ondary (intralaminar) relay nuclei and
their afferent tracts by reference to their
known relations to the primary.
The wide variety of lesion sites selected
in the patients described in this report re
flects the many changes in our knowledge
of pain mechanisms over the past seven
years.
M ethod

Stereotactic procedures were done using
the technique developed by the author.21
The patient’s anterior and posterior com
missures are located radiologically and
plotted on graph paper. From a sagittal
section of the brain obtained from an at
las,22 an outline of appropriate structures is
sketched in on the graph to serve as a tem
plate. Tentative targets are then selected
in the desired portion of the sensory thala
mus. A 1.0-mm. bipolar electrode which has
less than 0.5-mm. terminal separation was
designed in our unit.23 It is advanced in 2mm. steps down to and across each of the
target points selected. In our early opera
tions, a larger 1.5-mm. bipolar electrode
with 8-mm. pole separation0 was used.
With 3-msec., biphasic, 60-cycle pulses
from a Grass stimulator, we determine
the patient’s responses to stimulation at
threshold and map the results on a Woolsey-type figurine chart (Figs. 1-7). It is
best to establish the intensity of response
by current rather than by voltage monitor
ing, although in our earlier studies we used
the voltage method. In somatosensory
structures we have always found the re
sponse at threshold to be paresthesia;

“Constructed by Precis Tools of Montreal to Dr.
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never pain. We have never obtained a re
sponse in the intralaminar nuclei or non
specific sensory tracts. A threshold of about
1 ma. or less indicates that the electrode is
in an excitable sensory structure. It appears
that considerably lower thresholds are ob
tained in tracts than in nuclei.
The figurine map constructed for each
patient is, of course, just a fragment of the
total map for man5 hut it permits two types
of localization: firstly, it may be fitted threedimensionally into the known total map;
secondly, it can be compared with the atlas
template based on radiological localization
alone outlining anatomical structures.
These comparisons make it possible to cor
rect the radiological localization by using
physiological responses. Any desired por
tion of the specific sensory pathways or nu
clei can now be localized accurately and
this locus confirmed by further stimulation.
The intralaminar nuclei and the non-speci
fic tracts, which do not respond to stimula
tion, must still be localized by extrapolation
from the known position of the excitable
structures, using the atlas22 for reference.
After the desired structures are localized,
they are destroyed with the Linde cryoprobe each lesion being made at —50° C.
for three minutes.
C a se R ep o r t s

Most of the patients were selected be
cause their life expectancy was less than 12
months since we were unsure of the degree
of pain relief to be expected beyond that
time. Our results are therefore chiefly short
term.
Lesions in the Dorsomedian Nucleus
C ase 1 —In 1960, a 53-year-old man with
traumatic paraplegia at T i l had a laminec
tomy and fusion. Pain and spasms in the right
and, to a lesser extent, in the left leg began
after the site of spinal cord section was ex
plored again and a disc removed. These symp
toms were not relieved by a left cordotomy
done in 1960, or by bilateral obturator neurec
tomy, anterior rhizotomy, prostatectomy, and
excision of the conus at L I done between 1961
and 1963. On January 14, 1964, bilateral
stereotactic lesions made in the dorsomedian
nucleus did not relieve his pain. He had no
sensory loss, but had transient paresis of the
left upper extremity.
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Fig. 1.—Figurine chart (Case 3) drawn on a sagittal section of the brain, 16 mm. lateral. Solid
black—low threshold strong responses; hatched—high threshold weak responses. The horizontal line
ending in a small circle indicates the position of the anterior-posterior commissure line and the pos
terior commissure, (a) Preoperative pain sites, and (b) postoperative sensory loss. I, II and III are
stimulation trajectories approximately in the plane of section, 14, 17 and 2 0 mm. lateral respectively.
The large black circle 1 represents the estimated site and size of a lesion at 16 mm. lateral. The chart
shows a fragment of the total double body map with upper extremity-trunk points in SI above,
merging with half body, SII points below. The lesion involves the trunk region of SI and SII.

C ase 2 —A 75-year-old woman had typical
postherpetic neuralgia involving the left T5,
T6 and T7 dermatomes. It had begun in 1958
and was not relieved by rhizotomy and cord

otomy. She attempted suicide in 1965. On July
27, 1965, we made bilateral stereotactic lesions
in the dorsomedian nucleus (and in the right
centrum medianum of the intralaminar group
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Fig. 2.—(Case 4). See Fig. 1, drawn 17 mm. lateral. Chart for two procedures combined. I,
II and III are superimposed trajectories at 13, 15 and 17 mm. lateral respectively; IV and V are
trajectories at 19 and 15 mm. lateral respectively. Large circles 1, 2 and 3 represent lesions at 15, 19
and 14 mm. lateral respectively in the SI arm area (1 and 3) and SII (2). The latter is misplaced too
high and lateral. Points in the SI face (medially) and trunk (most lateral) above, in SII below.
as w ell). She had partial amelioration of her
pain for two months, without complication or
sensory loss, following which it recurred.

Lesions in the Specific Sensory Nuclei—
Somatosensory I and II

had transient left-sided clumsiness due to posi
tion-sense loss, which soon cleared. In the left
hand and left foot she had mild dysesthesia,
which did not require treatment. On the left
side of her body she had hemianalgesia and
marked hypoesthesia to touch, vibration and
position (Fig. 1 ).

C ase 3 .—A 51-year-old woman had a left
radical mastectomy and postoperative radiation
in May 1964 for carcinoma of the breast. By
August 1965, she had a pathological fracture
of the right humerus, multiple bony metastases
and pain in the left hip and sacrum. Her pain
became worse after radiation. On November
25 and 30, 1965, she had a two-stage proce
dure in which a stereotactic lesion was made
in the leg-trunk area of the right somatosensory
I and II nuclei. The pain in the left hip and
sacrum was relieved until her death 2M months
later. Immediately after the procedure, she

C ase 4.—In June 1963, a 46-year-old woman,
who had developed cancer of the cervix in
1960, developed metastases in the left scapula,
left tarsus, left paratracheal glands, and left
pulmonary apex, with a Pancoast-like syn
drome. In April 1964, she developed pain in
the left upper chest, neck and ulnar aspect of
the left upper extremity, with progressive low
er brachial plexus root lesions and dysesthesia.
High, left thoracic sympathectomy done on
January 11, 1966 gave partial relief. She de
veloped metastases to ribs and spine in March
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Fig. 3 —(Case 6). See Fig. I, drawn 9 mm. lateral. Chart for two procedures combined. I,
II. I ll and IV are stimulation trajectories in the plane of section 9 mm. lateral. Head insets under
III show whether the inside of the mouth, tongue or pharynx are represented. Large circle 1 rep
resents a lesion at 9 mm. lateral in the pain tract region adjacent to the representation of the inside
of the mouth in the inferior, posterior and medial aspect of the body representation. Circle 2 re p 
resents a lesion in the intralaminar nuclei medial to the plane of drawing. Circle 3 represents the
position of a lesion in SII lateral to the plane of drawing. The points for the hand, face and inside
of the mouth are in SI, the less discrete responses represent tracts entering the thalamus.
1966. On April 7, 1966, a stereotactic lesion in
somatosensory nuclei I and II (arm area)
relieved her pain for one month after w hich it
recurred half as severe as before. After the
operation, she had hemihypoesthesia to pain
and touch and mild dysesthesia in the le ft arm
and thigh. On June 16, 1966 another stereo
tactic lesion was made in the arm area of the
somatosensory nucleus I. Pain and dysesthesia
were relieved until her death six weeks later.
This lesion caused additional loss o f position
and vibration sense in her left hand (F ig . 2 ) .

C a se 6 .—(See b elo w ). Som atosensory
plus intralam inar nucleus lesions.

II

Lesions in Sensory Tracts Only
C a se 5 .—In August 1961, a 56-year-old wom
an w ith carcinom a of the palate underw ent
palatal hem isection after a trial o f radiation.
Since August 1962 she had had pain in the
left head, neck and throat w ith dysphagia and
left V I, V 2 , V I, and V III nerve lesions. On
M ay 1, 1 9 6 2 , because of the face pain, stereo-
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Fig. 4.—(Case 8). See Fig. 1, drawn at 9 mm. lateral. I and II are superimposed stimulation
trajectories at 9 and 11 mm. lateral respectively; III and IV are trajectories at 7 and 9 mm. lateral
respectively; V—trajectory at 9 mm. lateral. The head inserts with IV and V indicate whether the in
side of the mouth, tongue or pharynx are involved. Large circle 1 represents a lesion at 9 mm. lat
eral in the pain tract region adjacent to the representation of the inside of the mouth. Circle 2 repre
sents a lesion at 9 mm. lateral largely in the intralaminar nuclei. The small circle within 2 represents
the site of a lesion at 4 mm. lateral, medial to the plane of drawing, in the intralaminar nuclei. Head
and hand points in SI, more diffuse points in entering tracts.

tactic lesions were made in the specific and
non-specific
(quinto-spino-reticulothalamic)
tracts inferomedioposterior to the specific nu
clei; the pain was relieved for one month after
which it partially recurred. Throat pain and
dysphagia were also partially relieved until her
death 13 weeks later. After operation, she had
minimal left hemiparesis and myosis, and
hemihypalgesia of the left head, leg, and ex
tremities.

tactic lesion was made in the right spinoquintothalamic tracts adjacent to the bodily
representation of the throat and inside of the
mouth. The pain was relieved for one month
only. After the operation, he had paresthesia
of his left hand and left hemihypalgesia above
the waist (Fig. 3 ). See below.

Case 6.—A 49-year-old man with carcinoma
of the epiglottis was treated with radiation in
September 1965. A laryngectomy was done in
January 1966, and he received chemotherapy
in October 1966. In September 1966 he de
veloped a huge mass in his left neck with pain
there, in the left face, and in the pharnyx, with
progressive left C5 and C6 root palsies. This
pain was not relieved by analgesics, nerve and
phenol blocks. On January 13, 1967 a stereo

Case 6.—This man had recurrent pain of the
right and left side of the neck (see above).
On March 14, 1967 a stereotactic lesion, made
in the right parafascicular nucleus of the intra
laminar complex and in the right somatosen
sory II nucleus, relieved 75% of his pain until
his death seven weeks later. After the opera
tion, he had dysesthesia of the left side of the
body and left hemihypesthesia to pain and
touch (Fig. 3 ).

Lesions of the Sensory Tracts Plus

Intralaminar Nuclei
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Fig. 5.—(Case 9). See Fig. 1, drawn at 9 mm. lateral. I represents trajectory at 9 mm. lateral,
II and III are superimposed trajectories at 9 and 11 mm. lateral respectively, insets showing involve
ment o f the inside of the mouth. Large circles 1 and 2 represent intralaminar nucleus lesions at 6 and
9 mm. lateral respectively, circle 3—tract lesions as in Fig. 4 at 9 mm. lateral.

Case 7.—In 1959, a 63-year-old man re
ceived radiation for carcinoma of the soft pa
late. In February 1967 he became hoarse, dysphagic and developed a mass in his right neck
despite radiation and radium implants. Since
July 1967 he had had pain in the right neck,
shoulder, and base of the skull with hyper-

pathia, and right VII, IX and sympathetic
nerve lesions. On October 27, 1967 a tracheo
tomy was done because of respiratory difficulty.
On November 24, 1967 stereotactic lesions
were made in the left quinto-spino-reticulothalamic tracts and the left centrum medianurn of the intralaminar group. The pain was
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Fig. 6.—(Case 10). See Fig. 1, drawn 9 mm. lateral. I represents trajectory at 9 mm. lateral;
II, III and IV are superimposed trajectories at 7, 9, and 11 mm. lateral respectively; V and VI are
superimposed trajectories at 7 and 9 mm. lateral respectively. The large circle 1 represents a tract
lesion as in Fig. 4 at 9 mm. lateral. Circle 2 represents an intralaminar lesion at 9 mm. lateral.
relieved until his death 2/2 months later. After
operation he gradually became comatose over
a 24-hour period but recovered slowly over
the next two weeks. However, he had resid
ual, severe, recent memory loss, expressive
and receptive dysphasia, slight right hemiparesis and right hemihypesthesia to pain and
touch.
C ase 8.—Since December 1966 this 50-yearold man had had typical left Pancoast syn
drome. In February 1968 a diagnosis of bron
chogenic carcinoma was confirmed by media

stinoscopy. On March 7, 1968 stereotactic
lesions were made in the right quinto-spinoreticulothalamic tracts, right centrum medianurn, and right parafascicular nuclei. He had
relief of pain until the time of writing (April
15, 1968) with hypalgesia between V3 and
T1 on the left side (Fig. 4 ).
C ase 9.—In April 1966, this 48-year-old man
was found to have carcinoma of the tongue.
Radium was implanted in February 1967. In
April 1967 he developed a left submandibular
mass, pain in the left side of mouth and
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Fig. 7.—(Case 11). See Fig. 1, drawn at 9 mm. lateral. I, II, III and IV are trajectories at 9 mm.
lateral. Circles 1 and 2 are lesions at 9 mm. lateral in the intralaminar nuclei and tract respectively. In
this patient no points inside the mouth were located; presumably they lay between II and III and more
medially.

tongue, left side of neck and forehead, with
dysphagia, hypophonia, left V, VIII, IX, X,
XI, XII and sympathetic nerve lesions. On
August 15, 1967 stereotactic lesions were made
in the right reticulothalamic tract, centrum
medianum and parafascicular nuclei. His pain
was relieved until his death two months later.
The operation was followed by no complica
tions. There was subjective hypoesthesia of
the left side of the body (Fig. 5 ).
Case 1 0 —In 1963, this 42-year-old man re
ceived radiation therapy for carcinoma of the
margin of the left alveolus. A left hemimandibulectomy and chemotherapy in December
1965 were followed by trismus and left face

pain. In July 1967 the pain became much more
severe and spread to the lower face, tongue,
submental area, and neck: it was bilateral but
worse on the left. On August 16, 1967 stereo
tactic lesions were made in the right reticulo
thalamic tract, and right and left centrum
medianum with excellent pain relief until his
death five months later. In October/November
1967 the pain recurred temporarily in associa
tion with abscesses in the neck. There was no
complication after the operation and no perma
nent sensory loss (Fig. 6 ).
Case 11.—In 1959, a 62-year-old woman re
ceived radiotherapy for carcinoma of the ton
sil. In 1966, a mass appeared in her right neck
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TABLE I . — R e s u l t s
Number of
procedures

of

17 S t e r e o t a c t ic P r o c e d u r e s D o n e

Lesion site

2

Bilateral dorsomedian nucleus

4

Unilateral specific sensory
nuclei SI and SII

2

Unilateral specific and non
specific pain tracts (spinoquinto-reticulothalamic)

3

Unilateral tracts plus
intralaminar nuclei

3

Unilateral non-specific pain
tract (reticulothalamic)
plus intralaminar nuclei

3

Unilateral (2) or bilateral (1)
stimulation only without
lesion

Pain relief

14 P a t ie n t s

Sensory loss

Mild dysesthesia

None

None

Adequate

Hemihypesthesia
to all modalities

3/4

Inadequate

Hemihypalgesia

1/2

Good
((

Inadequate

In three more patients, two with ad
vanced carcinoma of the head and neck
and one with left thalamic syndrome, firststage thalamotomy was done with stimula
tion, but no lesion was made. One of the
patients with cancer was partially relieved
of pain until her death nine months later.
However, she had left hemihypalgesia,
minimal left hemiparesis, and mild dyses
thesia of the left hand and leg. The second
cancer patient was relieved of pain for two
weeks only and committed suicide five
weeks after the operation. To the time of
writing, the patient with thalamic syn
drome was relieved of pain and had no
complications or additional sensory loss.
and

R e l i e f o f P a in in

Poor

which was dissected and treated with inter
stitial radiation. In the winter of 1966, she
developed “burning, crawling” dysesthesia and
hyperpathia of the right neck with torticollis
to the right, together with pain in the right
neck radiating to right ear and right eye.
These symptoms were not relieved by further
radiotherapy. On November 17, 1967 stereo
tactic lesions were made in the left reticulothalamic tract and centrum medianum. After
the operation, the pain was relieved for three
months. Minimal pain then recurred in the
right neck and persisted until her death two
months later. She had no permanent sensory
loss nor any other complication (Fig. 7).

D iscussion

fo r th e

Vol. 12

C onclusions

Detailed thalamic mapping for physio
logical localization during stereotactic pro
cedures done for the relief of pain has al
lowed precise control of the lesion site.

1C

None

—

None
tl

1/3

Lesion site and effect on pain and sensory
function are correlated in Table I.
In our experience, almost any procedure
carried out on the sensory thalamus brings
temporary relief of pain. Although they af
ford adequate pain relief in these relatively
short-term patients, lesions made in the
specific nuclei also produce significant sen
sory loss, and dysesthesia in a high percen
tage. Nevertheless, it is surprising how little
permanent sensory loss is incurred even
after a large lesion has been made in the
nucleus. The appreciation of pain is usually
most severely affected. Although it might
seem desirable to produce lesions in the
nucleus of SII because it is probably a re
lay nucleus on the pain tract, this is
impractical because this nucleus is so
inextricably involved within the SI nucle
us; it is impossible to damage the one with
out damaging the other. Unilateral lesions
in the pain tract, even if they involve the
non-specific pathways, do not produce good
pain relief. Furthermore, there appears to
be no advantage in including the specific
pain pathway with non-specific and intra
laminar nuclei, because pain relief appears
to be equally good even when the pain tract
itself is not involved. Considering the three
consequences of surgery of the brain stem
for pain relief—(1 ) pain relief itself, (2)
degree of sensory deficit, (3 ) risk of dyses
thesia-lesions in the non-specific pain path
ways plus those in the non-specific or in
tralaminar nuclei unquestionably give the
best result. In our series, the majority of
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lesions were unilateral but our cases were
relatively short term. More lasting pain re
lief could probably have been obtained if
the lesions had been made bilaterally.
None of these patients died as a result of
the operation and only one developed seri
ous postoperative complications. All but this
patient were able to go home after dis
charge from the neurosurgical unit. None
of the lesions was confirmed by postmortem
examination.
S u m m a ry

Seventeen stereotactic procedures were
done in 14 patients for the relief of intrac
table pain for which other relief was not
available. Most of these patients suffered
from advanced cancer.
A thalamic mapping technique is de
scribed which permits precise physiological
control of the lesion site in a wide variety
of sensory thalamic targets. The signifi
cance of these targets in pain relief is dis
cussed.
Accumulated data suggest that lesions
made in the reticulothalamic tract and in
tralaminar nuclei give optimum pain relief
without sensory disturbance.
The reported series is short term. Most
of the lesions were unilateral: bilateral
lesions should increase duration of pain re
lief.
There was no operative mortality and
only one patient had a serious postoperative
complication. All other patients were able
to return home.
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R esum e
L ’auteur a applique 17 fois la technique stereotaxique a 14 malades souffrant de douleur opiniatre, et dont la majorite etaient atteints d’un cancer
avanoe. Les lesions bilaterales dorsomedians pratiquees sur deux malades avec debut de cancer ne
sont pas parvenues a soulager la douleur. Chez les
12 malades restants, une technique de stimulation
mise au point pour obtenir une cartographie detaillee de la representation organique dans le tha
lamus sensoriel a permis de localiser de fagon
precise une serie de structures sensorielles. Les
destructions operees dans les voies reticulothalamiques et les noyaux intralamellaires ont permis
d’obtenir un soulagement optimum de la douleur
tout en evitant 1’analgesie et la dysesthesie qui

PREV EN TIO N OF M ETABOLIC
ALKALOSIS
Metabolic alkalosis with potassium defici
ency may result in the patient’s death follow
ing heart surgery. These patients may not tol
erate the decreased myocardial contraction,
urinary potassium loss, arrhythmias, myocardial
necrosis, and generalized seizures resulting
from this condition. However, following suc
cessful heart surgery, mild metabolic alkalosis
for a few days is common, and in more seri
ously ill patients a severe metabolic alkalosis
with marked potassium loss is not unusual.
The authors have previously reported their
experiences with severe metabolic alkalosis
after discovering it in 22 patients following
heart surgery. These patients lost large
amounts of potassium in the urine, often more
than 200 m Eq./24 hr. They were given potas
sium chloride, but in some cases the serum
potassium concentration increased above 6
mEq./l. before half of the daily potassium loss
could be replaced. Potassium therapy was dis
continued to allow the serum potassium to re
turn to the normal range. Despite the partial
replacement of potassium losses and normal
levels of serum potassium, the mortality rate
was high. It was believed that administration
of insulin to displace potassium from the serum
into the cells would permit greater potassium
replacement and more complete alleviation of
the alkalosis. This was done in four patients in
whom recovery was complete and speedy.
The question arose as to the need for insulin
in these patients. It was observed that the asso
ciation of a high serum potassium with inade
quate potassium replacement only occurred in
patients who had suffered potassium deficiency
for several days. It was postulated that, if re
placement of the measured urinary potassium
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s’observent parfois apres les lesions pratiquees
dans des structures sensorielles specifiques. Un
soulagement efficace de la douleur a ete obtenu
chez tous les malades sauf un, bien que les lesions
aient ete la plupart du temps unilaterales. Un
echec peut s’expliquer par le fait qu’on n’avait
pas provoque d’autre lesion que celle qu’avait
cause le passage de l’electrode de stimulation;
chez ce malade, les douleurs ont reapparu avant
un delai de deux semaines. Par contre, deux autres
malades, traites de la meme fagon, ont bien reagi.
Les cancereux ont survecu un maximum de neuf
mois. On n’a eu a deplorer aucun deces peroperatoire et un seul malade a presente des sequelles
severes. Tous les autres ont regu leur conge et regagne leur foyer.

losses were started immediately after operation,
insulin might not be needed and replacement
could be completed. The present study was
designed to determine if this were true.
Metabolic alkalosis following surgery is re
lated to the stress of surgery. Increased amounts
of adrenal cortical hormones are secreted and
as a result increased amounts of potassium and
decreased amounts of sodium are lost in the
urine. The renal tubules reabsorb more bicar
bonate, and plasma bicarbonate concentration
is stabilized at a higher than normal value. As
a consequence of low serum potassium, intra
cellular potassium moves into the serum and is
replaced by hydrogen ion moving from the
serum into the intracellular compartment,
leaving the serum alkalotic. This occurs
throughout the body and includes the renal
tubules. In the renal tubules the high intra
cellular hydrogen ion concentration allows
hydrogen to pass into the urine in exchange
for urinary potassium, resulting in an acid
urine and reducing some of the large potassium
loss. This is a vicious cycle in which potassium
loss causes metabolic alkalosis, and alkalosis
causes potassium loss.
The largest potassium losses occurred in pa
tients who had severe myocardial disease be
fore operation or who had a myocardial insult
during or after operation. Extreme myocardial
debility did not occur in our 20 eontrolledstudy cases. The potassium loss in this study
series did not exceed 166 mEq./24 hr. Such
patients recovered well after heart surgery,
even when urinary potassium loss was not re
placed entirely. In contrast, patients with a
truly poor myocardium lost 300 mEq. of potas
sium per 24 hours and occasionally 400
mEq./24 hr.— Krohn, B. G. et al.: Prevention
of metabolic alkalosis following heart surgery,
/. Thorac. Cardiovasc. Surg., 56: 748, 1968.
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THE DIPLOSCOPE IN INTRACRANIAL ANEURYSM SURGERY:
RESULTS IN 40 PATIENTS
W . M. LOUGHEED, M .D., F.R.C.S.[C]“ and B. M. MARSHALL, M.D., F .R .C .P .[C ],t

Toronto, Ont.
T he use of the operating microscope in

cerebrovascular surgery has been described
by Kurze,1 Adams and Witt,2 Pool3,4 and
Rand and Jannetta.5 W e share their enthusi
asm for this approach. At first we used the
single binocular microscope, but this was
unsatisfactory because the assistant had
only monocular vision, and this as a re
versed image. In aneurysm surgery, one
must have an assistant who can see suffici
ently to provide the skilled help which is
essential. W e believe that the diploscope
will revolutionize aneurysm surgery be
cause, for the first time, both surgeon and
assistant have excellent binocular vision,
magnification and illumination.
The diploscope, which is manufactured
by the Carl Zeiss Company, can magnify
from 6 to 40 times. The two binocular sys
tems are mounted opposite each other on a
single head, allowing simultaneous visuali
zation by surgeon and assistant. The
mounting of the diploscope head to its
stand and the construction of the head it
self makes possible an infinite number of
angle variations so that almost any surgical
site can be approached. Thus, the diplo
scope offers as its advantages: binocular
vision for surgeon and assistant, adequate
range of magnification, excellent illumina
tion and maneuverability.
A d m ission P o licy and E arly
M an agem en t

All patients with subarachnoid hemor
rhage were admitted as emergencies and
angiography was done as soon as possible.
In many patients, early angiography estab
lished the source of bleeding, indicated
whether there was an intracerebral clot,
and whether arterial spasm was contribut
ing to the patient’s clinical condition. The
treatment was based on an evaluation of
this information. Of 40 patients described
“ Department of Surgery, Division of Neurosurgery,
University of Toronto, Toronto, Ont.
fDepartment of Anaesthesia, University o f Toronto.

in this paper, most had left, retrograde
brachial and bilateral carotid angiograms.
If the source o f bleeding was not identified
by these procedures, a right retrograde
brachial angiogram was done to visualize
the right vertebral system. If angiograms
of all the intracranial vessels were nega
tive, angiography was repeated two weeks
later if further investigation was still indi
cated.
T im in g of O peration

It is still most difficult to decide when to
intervene to achieve the lowest possible
mortality and morbidity. Indeed, the best
timing has not yet been established, even
on statistical grounds. There are so many
variables that no one patient in the acute
phase of aneurysmal rupture will be exactly
like another. A patient with a minimal leak
from an aneurysm is undoubtedly a better
candidate for early operation and probably
should be classified as “subacute” . A patient
with a major hemorrhage has a soft swollen
brain and will have an increased operative
mortality and morbidity.
With respect to operative risk, the pa
tients were graded from 1 to 5: Grade 5
represents a moribund or near moribund
patient with failing vital centres and exten
sor rigidity. Grade 4 includes patients with
a major neurological deficit, or a deterior
ating patient with a large intracerebral
clot, or older patients with less severe
neurological deficit but pre-existing degen
erative cerebrovascular disease. Grade 3
represents the drowsy patient with a neu
rological deficit and probably an intra
cerebral clot. Grade 2 indicates a drowsy
patient without significant neurological
deficit. Grade 1 indicates a conscious pa
tient with or without signs o f blood in the
subarachnoid space.®
In 1966, to gain further information
about the timing of operation, we com 
pared patients with Grades 1 and 2 aneur
ysms who had been operated on, with
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patients with McKissock’s Category B an
eurysms (good risk aneurysms) who were
treated conservatively.
W e constructed graphs to examine the
survival rates in conservatively treated pa
tients from hemorrhage to death and in
those who were operated upon, from
hemorrhage to operative intervention. A
comparison of these graphs showed that
the surgical mortality in the first week was
the same as the “natural” mortality in M c
Kissock’s Category B patients who were
treated conservatively (Fig. 1).
The increased morbidity following oper
ation in the first week tempted us, in se
lected cases, to try other means of tiding
the patient over into the second week,
when morbidity and mortality are sharply
reduced. Certainly, the use of aminocaproic acid (Amicar) and hypotensive agents
for the first 10 days seems justified. In
1967, when we began to use the operating
diploscope more frequently, we were still
trying to delay operation until the second
week.

%

INTERVAL IN DAYS

Fig. la

%

T A B LE I.— R esults

in 40
the

U pon U sing

Excellent*
or good Fair

Site of aneurysm
INTERVAL IN DAYS

Fig. Ib

l

A neurysm s O perated
D iploscope

Anterior cerebral..
Internal carotid..
Middle cerebral..
Basilar...................

12

10

T ota l................

Bad

Dead

0

0

1

8
4

2
1
1
1

0
0

0
0
0

34

5

1

0

*Excellent— normal in every respect.
Good— back to previous employment, minimal
neurologic defect.
Fair— hemiparesis.
Bad— hemiplegia or dementia.

The results obtained in the 40 patients
operated upon under the diploscope are ex
cellent (Table I). In most instances, in line
with our timing and selection policy, we
delayed operation at least one week.
3

7

14

21

28

30

INTERVAL IN DAYS

Fig. lc
Fig. 1.—Comparison of survival rates in con
servatively and surgically treated patients: (a)
anterior cerebral aneurysms, (b) internal carotid
aneurysms, (c) middle cerebral aneurysms. All pa
tients were graded on admission to hospital. In
McKissock’s Category B patients, the abscissa
represents the time elapsed between the initial
hemorrhage and the recurrent hemorrhage that
resulted in death. The survival curves were con
structed b y calculating the percentage of patients

A nterior
P atients

C erebral

A neurysms—12

In view of the morbidity following early
who survived for 3, 7, 14, 21, 28 and 3 0 + days
after their initial hemorrhage. The survival curves
in those who were operated upon represent the
percentage of patients surviving for 3. 7, 14, 21,
28 and 3 0 + days; the abscissa shows the time be
tween hemorrhage and operation. Deaths occur
ring before operation were also considered in the
surgical mortality.
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operation, operation was delayed for 10 to
14 days to allow the patients to stabilize.
Only 3 patients of the 12 with this type
of aneurysm, were operated on earlier than
one week after the last hemorrhage. If
subarachnoid bleeding is minimal and the
patient’s clinical condition is good, early
operation seems justified, because clinical
ly such patients resemble those who have
recovered from the acute phase.
For the operation, the patient is in the
supine position with the sagittal plane at
right angles to the floor (Fig. 2). A bone

path of
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diploscope

Fig. 3.—The approach for anterior cerebral
aneurysm. Note the position o f the anterior cere
bral arteries in the upper diagram. The black area
around the arteries represents the arachnoid plane.

Fig. 2.—Bone flap for anterior cerebral aneurysm
and the position of the diploscope.

flap is turned to expose 3 cm. of dura on
either side of the sagittal plane. The lower
margin of the flap is cut as close to the or
bital roof as possible and usually opens into
the frontal sinuses. The dura is cut in a
U-shape with the dural hinge along the
posterior limb of the flap. The sagittal si
nuses and falx are divided just above the
orbital ridge and the dural flap and falx
swung upwards. The diploscope, set at 10
or 16 magnification, is then used to split
the frontal lobes. The arachnoid plane is
followed between the hemispheres to the
corpus callosum and distal anterior cere
bral arteries (Fig. 3 ). Usually this gives a
good plane because the anterior cerebral
arteries are followed proximally around the
genu of the corpus callosum to the anterior
communicating region. With a little experi
ence the surgeon becomes accustomed to

the changes he has to make in the slant
of the diploscope in order to follow the
anterior cerebral arteries around the curve
of the corpus callosum. Little, if any, re
traction of the frontal lobes is needed and
the exposure and lighting are excellent. As
the surgeon approaches the aneurysm, the
anesthetist lowers the blood pressure to 50
to 60 mm. Hg. The neck of the aneurysm
and proximal anterior cerebrals are dis
sected out without difficulty and the sur-

Fig. 4.—The distal anterior cerebral artery
aneurysm has a clip on its neck. The anterior
communicating artery is proximal to the clip.
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5 days
excellent

Fig. 5.—Results of operation for anterior cerebral aneurysm. Roman numerals show
the grading and Arabic numerals the patient’s age. The interval between hemorrhage and
operation is given in days or weeks.

geon has an excellent view of the whole
complex (Fig. 4).
We believe that, with the diploscope, we
have reduced trauma from dissection and
retraction to a minimum and that the ex
cellent visualization so obtained reduces
the incidence of rupture and technically
poor clippings.

Fig. 5 shows the type of aneurysm op
erated upon and the results obtained. In
10 of the 12 patients the results were
excellent or good, and in 2 patients whose
clinical state was bad before operation the
result was fair. No patients died and none
was made worse. Using this technique,
even patients with Grades 3 to 4 anterior
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communicating aneurysms can be operated
upon without making them worse; whereas,
with the subfrontal approach, they would
have been made worse in the subacute
phase. Six of the eight patients classified as
Grades 3 or 4, had an excellent or good
result. In light of our present experience,
we propose to reduce the waiting period,
particularly in those patients with minimal
bleeding.
I nternal C arotid Aneurysms—
14 Patients

The bone flap is turned to expose the
adjacent frontal and temporal lobes; the
pterion is at the centre of the base of the
flap. If the aneurysm points directly lateral
into the temporal lobe, more frontal bone
is turned down than for the usual internal
carotid aneurysm so as to allow a more
frontal approach (to come upon the neck
not the fundus). In some instances, the
fundus of the aneurysm is adherent to the
temporal lobe; for this reason, the temporal
lobe must not be retracted until this rela
tionship is established.
Before the arachnoid is opened, the
diploscope is focused on the optic nerve
and origin of the internal carotid artery.
The arachnoid is then incised over the dor
solateral surface of the carotid artery and
not over the fundus or neck of the aneur
ysm. Once this layer is cut, the neck of the
aneurysm comes into view. At this stage,
the patient’s blood pressure is reduced to
50 mm. Hg and, with a blunt probe or
hook, a path for the blades of a clip is
dissected out in front and behind the neck.
When the posterior communicating artery
supplies most of the blood for the posterior
cerebral artery, it must be displayed before
the aneurysm is clipped. This artery is
usually found on the anteromedial aspect
of the neck of the aneurysm, and can be
brought into view by gentle posterior dis
placement of the anterior portion of the
neck of the aneurysm.
Fig. 6 shows the results obtained in in
ternal carotid aneurysms. No patient was
made worse and none died. Of the 14
patients, 12 had an excellent or good result
after operation, 1 had a fair result and 1
bad. The patients who had fair and bad
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results had had cerebral infarction before
operation.
The overall results are most encouraging.
Even though 7 of the 14 patients had
aneurysms graded 3 or 4 preoperatively,
exposure and clipping disturbed them only
slightly when the diploscope was used.
Microsurgery gave good results because,
with it, technical errors can be avoided
during dissection and clipping, and retrac
tion and dissection are kept to a minimum.
M iddle C erebral Aneurysms—
Nine Patients

The patient is positioned as for explora
tion of an internal carotid aneurysm. Again
the bone flap is turned so as to centre on
the pterion and Sylvian fissure. If the
aneurysm projects anteriorly or is unduly
large, more frontal bone must be turned
down to allow a more anterior ( subfrontal)
approach to the proximal middle cerebral
artery.
As soon as the dura is opened, the dip
loscope is focused on the outer limb of the
Sylvian fissure just medial to the confluence
of the temporal and frontal veins. The
arachnoid is opened from lateral to medial
throughout the whole length of the fissure.
The medial one-third of the fissure separates
easily and, after cutting the arachnoid,
gentle retraction on the adjacent frontal
and temporal lobes ( on the inner one-third
of the fissure) will quickly expose the trunk
of the middle cerebral artery without clip
ping or coagulating any vessels. The mid
dle cerebral artery is then traced distally,
using retraction only. The patient’s blood
pressure should be reduced at this stage.
Before starting to dissect the aneurysm, the
surgeon puts a temporary clip, set with
light tension, on the middle cerebral artery
just proximal to its bifurcation. The neck
of the aneurysm is dissected in the usual
way and, in most of these aneurysms, a
neck can be developed adequate for a clip
or ligature.
The results in the nine patients with
middle cerebral aneurysms have been grati
fying (Fig. 7). In eight of the nine, they
were excellent, the one fair result was due
to preoperative infarction. Most of these
patients could have been operated upon
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excellent

Fig. 6.—Results of operation for internal carotid aneurysm. Roman numerals show the grading
and Arabic numerals the patient’s age. The interval between hemorrhage and operation is given in days
or weeks.

earlier because the exposure was easy.
However, much depends upon the amount
of bleeding because, in a patient with fresh
hemorrhage and much blood in the sub

arachnoid space, with the diploscope, the
surgeon can see the pia give way and stases
and clumping appear in the venous chan
nels, even with gentle retraction.
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Fig. 7.—Results of operation for middle cerebral aneurysm. Roman numerals show the
grading and Arabic numerals the patient’s age. The interval between hemorrhage and opera
tion is given in days or weeks.
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Fig. 8.—Results of operation for basilar aneurysm. Roman numerals show the grading and
Arabic numerals the patient s age. The interval between hemorrhage and operation is given in days.
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B a s il a r A n e u r y s m s —F iv e P a t ie n t s

The head is positioned in the lateral
plane with the sagittal surface parallel to
the floor, and the diploscope is brought in
from the head of the table. A small tem
poral bone flap usually exposes the basilar
aneurysm. The operator may sit either on
the right or left side of the head. A tem
poral lobectomy aids immensely by pro
viding space for the diploscope light but
this is not essential to the exposure except
if the brain is snug.
The ’scope is focused on the arachnoid
over the cerebral peduncle, then the arach
noid is opened from the peduncle anteriorly
along the plane of the third nerve and
posterior communicating artery, which are
easily seen. Once the arachnoid is opened
widely, the posterior cerebral artery may
be followed proximally to its origin with
the basilar artery. The diploscope provides
an excellent view of all the tiny branches
in this region, which can then be saved.
As soon as the aneurysm is visualized, the
patient’s blood pressure is reduced to 50
mm. Hg and the neck of the aneurysm is
dissected with blunt probe and hook. The
neck is then clipped or ligated, whichever
method is most appropriate.
Five patients were operated upon. In
four, the results were excellent, but in the
fifth the result was only fair because of
postoperative infarction (Fig. 8 ). These
results are encouraging particularly be
cause we could visualize and dissect out
the small perforators of the aneurysm with
out injury.
Sum m ary

In aneurysmal surgery, use of the dip
loscope allows better visibility and increas
ed magnification. With this instrument the
assistant can see as well as the operator.
Retraction and dissection are more gentle
and the amount of necessary dissection is
reduced. Errors in dissection and clipping
are reduced and small perforators can be
more easily seen and saved. Bone exposures
are smaller and less retraction is needed.
The results are encouraging. Forty pa
tients with intracranial aneurysms have
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been operated upon without a single death.
In the future, we may be able to suture
vessels and repair aneurysms with the aid
of this instrument.
The authors would like to thank Drs. T. P.
Morley and R. R. Tasker of the Neurosurgical
Service of the Toronto General Hospital for the
permission to include their cases in this manu
script; also Mrs. Hough of the Department of
Art as Applied to Medicine, University of Tor
onto for the excellent drawings and graphs, and
Mrs. M. Reid, R.N., Research Editor of the
Neurosurgical Service, Toronto General Hospital,
whose untiring efforts in organization and review
of the case histories made this manuscript possible.
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R esu m e
En chirurgie des anevrismes, le diploscope as
sure une meilleure visibility et un grossissement
plus fort. Grace a cet instrument, l’assistant peut
voir aussi bien que le chirurgien, la retraction et
la dissection sont plus douces et la dissection peut
etre reduite au minimum. Les erreurs commises
dans la dissection et la pose de pinces sont egalement diminuees et l’on peut apercevoir plus facilement et epargner les petits perforateurs. Les
denudations osseuses sont plus petites et il faut
appliquer moins de retraction.
Les resultats sont encourageants. On a pu
traiter 40 malades atteints d’anevrismes intracraniens sans deplorer un seul deces. A l’avenir,
il sera possible, grace a cet instrument, de suturer
des vaisseaux et de reparer le siege de l’anevrisme.
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SURGICAL PALLIATION IN COM PLETE TRANSPOSITION OF TH E
GREAT VESSELS: EX PERIEN C E W ITH THE EDWARDS
PROCEDU RE0
G. A. TRU SLER, M.D., M.S., F .R .C .S .[C ], F.A .C .S.f and
B. S. L . KIDD, M.D., F .R .C .P .[E n g .],t Toronto, Ont.

complete transposition of the great
vessels, the aorta arises from the right ven
tricle and the pulmonary artery from the
left ventricle. This results in a serious cir
culatory derangement with the pulmonary
circulation and the systemic circulation
functioning independently and in parallel
rather than in series. Unsaturated venous
blood, which enters the right atrium,
passes to the right ventricle and thence
out the aorta to the systemic circulation
without being oxygenated. Oxygenated
blood entering the left atrium from the
pulmonary circulation goes to the left ven
tricle, pulmonary artery and back to the
lungs. Infants born with this defect are
usually extremely ill and severely cyanotic
soon after birth. Survival depends on mix
ing between the two circulations, that is,
the passage of oxygenated blood from the
pulmonary circuit to the systemic circuit
and the return of desaturated systemic
blood to the pulmonary circulation, chiefly
through either an atrial septal defect or a
ventricular septal defect.
Hemodynamic correction of transposi
tion can be achieved by rerouting blood
flow within the atrial chambers in such a
way that the systemic venous return passes
to the left ventricle and pulmonary artery,
and the pulmonary venous return reaches
the right ventricle and aorta. This is an ex
tensive procedure, which requires cardio
pulmonary bypass, and should be delayed
until the child is 2 to 3 years of age when
it can be accomplished with less risk. UnIn

“This work was supported by grants from the
Ontario Heart Foundation and the Department of
National Health and Welfare, Ottawa, Ont.
fAssociate, Department of Surgery, University of
Toronto. Assistant Surgeon, The Hospital for Sick
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and Physiology, University of Toronto. Assistant
Physician, The Hospital for Sick Children, Toronto.
Reprint address: Dr. G. A. Trusler, The Hospital
for Sick Children, 555 University Avenue, Toronto
2, Ont.

treated, most infants with transposition of
the great vessels will die in the first month
of life. Consequently, to keep them alive
until they are old enough for the correc
tive operation, it is necessary to perform
one of the palliative operations designed
to increase mixing between the systemic
and pulmonary circulations.
As surgical experience has increased and
the hemodynamics of transposition have
become clarified, there has been a gradual
improvement in the results with these pro
cedures. The Blalock-Hanlon technique1 of
creating an atrial septal defect, the most
popular method of palliation, has been as
sociated with a high mortality particularly
when used in the first few weeks of life.
Death often occurs in the first postopera
tive week from pulmonary complications,
mainly pulmonary edema and hemorrhage.
These seem to be related to high pulmon
ary blood flow together with the trauma
of retraction and compression of the lung,
and the obstruction of the right pulmonary
veins during the operative procedure. In
older infants, the Blalock-Hanlon proced
ure is technically easier, better tolerated
and the mortality rate is relatively low.
To avoid these pulmonary complications,
we have used the procedure described by
Edwards and Bargeron2 in 18 infants (Fig.
1). The atrial septum is not excised but its
lateral margin is sutured behind the orifices
of the right pulmonary veins so that these
veins drain into the right atrium rather
than the left atrium. The results of the
hemodynamic studies carried out on some
of these infants, before and after opera
tion, form the basis of this paper.
C l in ic a l M

a t e r ia l

Eighteen children with complete trans
position of the great vessels diagnosed by
cardiac catheterization and angiocardio
graphy are included in this study. The
ventricular septum was intact in 10 and
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Fig. la

Fig. lc
Fig. Id
Fig. 1.—Technique of the Edwards procedure, (a) Adjacent portions of the right and left atria
are clamped. Heavy silk loops occlude the right pulmonary veins and a tourniquet obstructs the
right pulmonary artery (not shown), (b) The right and left atria are incised on either side of the
interatrial septum, extending above and below the right pulmonary veins. The interatrial septum
is dissected and trimmed sufficiently to produce a mobile flap, (c) The septum is sutured to the wall
of the left atrium behind the right pulmonary vein orifices, (d) The atrial incision is closed and circu
lation restored.

there was a ventricular septal defect in the
other 8. Eight children were less than 2
weeks of age at the time of operation. In
seven children both preoperative and post
operative cardiac catheterizations were
done enabling calculations of pulmonary
and systemic blood flow and effective pul
monary blood flow (the right-to-left shunt)
to be made. At operation, the Edwards
procedure was carried out in all. In addi
tion, six had a pulmonary artery banding.
One child died of unrecognized bleeding
three hours after operation and a second
died of right pulmonary vein thrombosis.
Sixteen children, two of whom have since
had a successful corrective operation, still
survive.

M ethods

The hemodynamic studies were carried
out in the cardiovascular laboratories at
the Hospital for Sick Children, Toronto.
No child was given a sedative at the time
of the first study but at subsequent study
some had a small dose of a mild ataractic
mixture.
Oxygen saturation of blood in the vari
ous chambers of the heart was determined
by the Wood cuvette oximeter calibrated
by Van Slyke analysis, and pressure was
measured using Statham P23Db trans
ducers and an Electronics for Medicine
DR8 recorder. Calculations of pulmonary
and systemic blood flow were made by
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Cardiac C atheterization *

Age

Hgb

SVC

RA

RV

AO

PV

LA

RA

LV/PA

RV

1

2 weeks

13.7 14/ 2.7 21/ 3.9 31/ 5.7 31/ 6.4 93/17.4 60/11.0 74/13.6 a = l l 92/6
v=9
8

2

16 days

14.6 18/ 3.5 34/ 6.6 35/ 6.8 27/ 6.3 99/19.5 68/13.2 73/14.5 a = 7
v=7

3

6 ”

22.2 45/13.4

4

5

92/53

LV/
PA

(l./M 2/m in .)

a = 8 48/10 1.2 4.9
v=8
3

4.7

.96

40/6

1.1 6.4

3.6

.56

8

25/4

1.1

8.6

10.0

1.2

a = 6 28/3
v=4
1

1.5

2.6

5.8

2.2

40/5

1.1

5.1

10.0

2.0

2.1

5.5

7.2

1.3

80/5

85/60
70

1 month

a= 4
13.9 29/ 5.3 41/ 7.6 65/11.8 65/12.1 95/17.7 77/14.2 79/14.6 v = 4 82/4
1

82/48
65

3 days

16.8 22/ 4.9 28/ 6.3

91/20.2 1

75/2

75/45
58

1 month

11.4 41/ 6.3 47/ 7.2 58/ 8.9 62/ 9.6 97/15.0 79/12.1 81/12.5 5

90/5

80/45
60

5

42/0

8 days

16.8 22/ 5.0 32/ 7.2 22/ 5.0 30/ 6.7

6

99/7

-

—

1.1 10.6

—

—

55/11.9 54/11.7 100/21.7 97/21.1 90/19.5 2

98/2

115/74
87
96/62
78

2

31/4

1.34 5.6

9.5

1.7

95/3-9 95/68
80

6

74/0-5 1.3

5.0

6.4

1.3

5

80/3

3

32/3

1.5

3.8

7 days

16.2

34/10.1

39 / 8.5 54 /11.7

56/16.7 52/15.5 98/29.2

33 / 7.4 38/

8.4 99/22.0

-

-

—

-

92/27.4 5

-

18.2 40/ 9.6 41/ 9.9 55/ 4.6 54/13.2 95/23.2 81/19.8 83/20.4 5
14.3 36/ 6.8 58/11.0 61/11.5

-

100/19.2 89/17.1

-

<

p

—

13 months
7

AO

LA

92/7
77/4

10 months
6

E P B F S B F P B F FR

Pressures (mm. Hg)

Oxygen saturation (% O2 sat./vols. %)

Case
no.

II II

January 1969

—

8.6
2.3
(PV-LA)

3

"

20.9 34/ 9.8

45/12.6 50/14.2 95/27.2 93/26.0 91/25.9 4

80/0

80/50

To

80/0

1.7

4.1

13.8

3.4

7

”

13.4 51/ 9.2 64/11.5 69/12.4 69/12.4 91/16.3 92/16.3 81/14.5 3

80/0

80/50
65

2

75/0

2.5

5.6

10.0

1.8

33 / 9.3

*The first study in each case was performed before operation and the second after operation. In Cases 1 and 2 the studies were postoperative.
Hgb = hemoglobin; SVC=superior vena cava; RA=right atrium; RV = right ventricle; AO=aorta; PV = pulmonary veins; L V = left ventricle;
PA=pulmonary artery; EPBF=effective pulmonary blood flow (right-to-left shunt); SBF=system ic blood flow; PBF = pulmonary blood flow; F R =
pulmonary to systemic flow ratio.

applying the Fick principle to the two cir
culations. Oxygen saturation of left ventri
cular blood was used instead of that from
the pulmonary artery when the pulmonary
artery could not be entered. The right-toleft shunt or “effective pulmonary blood
flow” was calculated from the relationship
between superior vena caval and pulmon
ary venous oxygen saturation.

R esults
The changes between oxygen saturation,
effective pulmonary blood flow and total
pulmonary blood flow are given in Table I
and illustrated in Fig. 2.
Postoperatively, in two infants (Cases 1
and 2) the total pulmonary blood flow was
reduced to low levels (3 to 5 l./M2/min.)
and the arterial oxygen saturation was rel
atively low although improved. After oper
ation the infants’ condition was satisfac
tory for a time but during the following
12 months, both became increasingly cy
anotic and the hematocrit rose, leading to
spontaneous cerebral thrombosis with
hemiplegia in both children. In each pa

tient, at a second operation, a small atrial
septal defect was created by the open tech
nique with inflow occlusion. This increased
pulmonary blood flow and arterial oxygen
saturation and resulted in definite clinical
improvement.
Two infants (Cases 3 and 4) were left
with a pulmonary blood flow of 6 to 8
l./M2/min. and adequate arterial oxygen
saturation. Over the past two years they
have done well. In two other infants
(Cases 5 and 6) the patent foramen ovale
was blindly dilated by a hemostat as part
of the operative procedure. Here the pul
monary blood flow was only reduced to
8 to 10 l./M2/min.
Eight children had a ventricular septal
defect in association with transposition of
the great vessels. In five of these infants,
the pulmonary artery was banded at the
time of the Edwards procedure and in a
sixth, the banding had been carried out
earlier. The hemodynamic data on one of
these six children (Case 7) are shown in
Table I. Essentially, there was an increase
in arterial oxygen saturation with a de-
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ARTERIAL OXYGEN
SATURATION

EFFECTIVE PULMONARY
BLOOD FLOW
(R— -L SHUNT)
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PULMONARY BLOOD FLOW

Fig. 2.—Hemodynamic effect of the Edwards procedure. In each section the points on the left
represent preoperative catheterization results and the points on the right represent postoperative
results. Operation resulted in a rise in arterial oxygen saturation and effective pulmonary blood flow,
and a reduction in total pulmonary blood flow.

crease in pulmonary blood flow. Two other
children with ventricular septal defects
had an Edwards procedure without pul
monary artery banding. One had devel
oped high pulmonary vascular resistance
by the age of 4 years and, after the Ed
wards procedure, her arterial oxygen satur
ation rose from 29% to 59% with definite
improvement in her general condition.
D is c u s s io n

Transposition of the great vessels with
intact ventricular septum is associated with
a high pulmonary blood flow. While the
estimation of pulmonary blood flow by the
Fick principle in infants with transposition
is open to some criticism because of the
small pulmonary arteriovenous difference
and the unmeasurable bronchial admix
ture, the chest roentgenogram suggests
that the flow is large. The increased size
of the left ventricular cavity compared to
the right found at post mortem would sup
port this. Increased pulmonary blood flow
is obvious at operation.

Shaher and Kidd3 have recently shown
that the creation of an atrial septal defect
in these infants does not greatly decrease
the pulmonary blood flow although the
systemic oxygen saturation is improved. In
contrast, the Edwards procedure, by de
flecting the right pulmonary venous return
into the systemic circulation tends to re
duce pulmonary blood flow. In transposi
tion of the great vessels, the two circula
tions are in parallel and the basic flow in
one may not equal that in the other. It is
likely that, when there is a connection be
tween the two circulations, the side with
the lesser vascular resistance and compli
ance will develop a larger flow. If the ven
tricular septum is intact and the ductus
arteriosus is not patent, the Edwards pro
cedure, by diverting one-half the venous re
turn (i.e. that from the right lung) into the
right atrium, will reduce the pulmonary
blood flow. The resultant pulmonary blood
flow will depend on the amount of shunt
ing back across the atrial septal defect and
through the bronchial collaterals.
If the patent foramen ovale is small, our
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results suggest that the pulmonary blood
flow will be reduced to the range of 3 to
5 l./M2/min. and the child will be relative
ly cyanotic. These children gain weight
and grow more rapidly than one would
expect, probably because the low pulmon
ary blood flow is associated with less pul
monary congestion and less cardiac work.
However, they suffer the disability appro
priate to their degree of cyanosis and they
run the danger of intravascular thrombosis,
as occurred in two children in this series.
Higher pulmonary blood flow can be ob
tained by enlarging the patent foramen
ovale. In two children, this was done by
blind instrumentation at the time of the
Edwards procedure. These children have
pulmonary blood flows in the range of 8
to 10 l./M2/min. and they maintain a rea
sonably good colour with a systemic ar
terial oxygen saturation of 65% (under
sedation for cardiac catheterization), a
figure roughly similar to that following
open creation of an atrial septal defect or
a Blalock-Hanlon operation. The higher
pulmonary blood flow allowed by the
Blalock-Hanlon operation renders the
neonate’s lungs more susceptible to serious
pulmonary complications which may prove
fatal. In our small series, the Edwards pro
cedure was associated with a low inci
dence of pulmonary complications and a
low mortality rate.
The balloon septostomy technique re
cently described by Rashkind and Miller4
as a method of enlarging an atrial septal
defect has been enthusiastically received
and because of its simplicity may indeed
prove to be the procedure most appropriate
for the young infant with transposition of
the great vessels.
Infants with transposition of the great
vessels in association with a large ventri
cular septal defect present a greater chal
lenge. Untreated, many will die of cardiac
failure in the first few months of life. Most
of those surviving will develop serious
pulmonary vascular disease perhaps by 6
to 12 months of age. Hemodynamic studies
indicate that the pulmonary blood flow in
these infants may be in the range of three
to five times normal.3 Pulmonary artery
banding will help them, but it is associated
with a relatively high mortality rate be
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cause, if it is effective in reducing total
pulmonary blood flow, it will also reduce
mixing between pulmonary and systemic
circulations, and thus increase cyanosis. If
an Edwards procedure is combined with
pulmonary artery banding, the systemic
arterial oxygen saturation can be main
tained or even raised, at the same time al
lowing a greater degree of banding than
would be otherwise possible. By thus re
ducing the pulmonary blood flow to a
greater extent, the infant’s chances of sur
vival are improved. Herein lies the main
use for the Edwards procedure. Our ex
perience suggests that the pulmonary ar
tery should be banded to a degree that
will reduce pulmonary blood flow to ap
proximately 8 to 10 l./M2/min.
The Edwards procedure produces an
obligatory mixing of blood between the
pulmonary and systemic circulations be
cause all the right pulmonary venous re
turn must now enter the right atrium.
Thus, it may be slightly superior to a
Blalock-Hanlon operation in children with
transposition of the great vessels plus a
ventricular septal defect. If the ventricular
septal defect is small, an Edwards proced
ure alone without pulmonary artery band
ing may be sufficient. Similarly, if pulmon
ary blood flow is already reduced because
of greatly increased pulmonary vascular
resistance, an Edwards procedure without
pulmonary arteiy banding will produce an
increase in systemic oxygen saturation.
Su m m a r y

Infants with transposition of the great
vessels have a high pulmonary blood flow
which contributes to their postoperative
mortality. The palliative procedure de
scribed by Edwards results in increased
arterial oxygen saturation and increased
shunting between pulmonary and systemic
circulations but, at the same time, it re
sults in decreased pulmonary blood flow
reducing the postoperative mortality. In
transposition of the great vessels with intact
ventricular septum, this procedure may de
crease the pulmonary blood flow excessive
ly and so it is advisable to combine it with
some method of enlarging the patent fora
men ovale.
The prime use of the Edwards procedure
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is in children w ho have a ventricular septal
d efect in association with the transposition
m alform ation. It may b e carried out in
conjunction w ith a pulmonary artery band
ing if the d efect is large or alone, if the
ventricular septal d efect is small or associ
ated with severe pulmonary vascular dis
ease.
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PERFU SIO N -IN D U CED MYOCARDIAL
INJURY
Isolated hypoxic perfusion of the heart and
total body hypoxic perfusion were performed
as a preliminary assessment of parameters
bearing on the development of a disposable
coronary perfusate for use in intracardiac
surgical procedures. Sudden, irreversible dam
age may result during isolated hypoxic per
fusion which produces glycogen depletion and
structural damage. Whole body preparations
have shown that hypoxia is not the destructive
factor by itself.
As hypoxia reached levels approaching total
oxygen extraction, oxygen utilization and
mechanical energy expenditure decreased in
accord with the results of Graham et al. and
Nejad and Ogden. However, with increasing
time at low oxygen levels, or when oxygen
was further lowered, anaerobic metabolism
commenced.
Glycogen depletion in the isolated perfused
heart was similar to that found by Bloom.
However, the amount of work done by the
heart, as suggested by Bloom, is probably not
the only factor in producing glycogenolysis.
Water-electrolyte concentrations were dis
tinctly abnormal in the isolated preparation,
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complete transposition of the great arteries,

J.A.M.A., 196: 991, 1966.
R esum e

Chez les nourrissons qui sont operes pour trans
position des grands vaisseaux, existe une circula
tion pulmonaire elevee qui aggrave leur mortalite
post-operatoire. La technique palliative proposee
par Edwards a pour resultat d’augmenter la sa
turation arterielle en oxygene et d’ameliorer le
pontage entre la petite et la grande circulation,
mais par la meme occasion reduit la circulation
pulmonaire et ainsi, diminue la mortalite postoperatoire. Dans la transposition des grands vais
seaux chez les malades dont le septum ventriculaire est intact, cette technique pourrait avoir pour
effet de reduire de fagon excessive la circulation
pulmonaire: il est done souhaitable de l’associer a
une methode susceptible d’elargir le trou ovale.
L ’indication principale de la technique de Ed
wards se trouve chez l’enfant qui souffre d’un defaut du septum ventriculaire, outre la malforma
tion de transposition arterielle. Elle peut etre
pratiquee de concert avec un “banding” de l’artere
pulmonaire s’il s’agit d’une anomalie grave, ou
seule si l’anomalie du septum ventriculaire est de
petite dimension ou accompagne une maladie
grave des vaisseaux pulmonaires.

and relatively normal in the hypoxic total
body perfusion. In 10-minute total circulatory
arrest studies performed by Moulder, Hager
and Eichelberger only transient serum hyper
kalemia developed, and the myocardium was
normal, whereas following 30 minutes of
potassium citrate arrest severe myocardial
abnormalities in water and cation concentra
tion appeared, and only in 45 minutes of
isolated cardiac arrest at 37° C. have mildto-moderate tissue structural abnormalities
been produced.
Of the systems investigated to date for
maintenance of the heart during intracardiac
surgery (retrograde coronary circulation by
standard pump perfusion, intermittent short
term arrest, prolonged arrest, gas perfusion,
and isolated coronary perfusion), decreased
oxygen supply in isolated coronary perfusion
appears to be the most deleterious milieu for
the heart. In order to perfuse the isolated
heart adequately on a long-term basis, pro
vision must be made for adequate oxygen
and nutrient supply, and for removal of noxi
ous substances from the perfusate (for ex
ample, discarding the perfusate).—Blackstone,
E. H. et al.: Perfusion-induced myocardial
injury, /. T horac. Cardiovasc. Surg., 56: 689,
1968.
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SEPARATION OF CONJOINED THORACOPAGUS TWINS,
W ITH THE REPORT OF AN ADDITIONAL CASE
J. S. SIMPSON, M .D., F.R.C.S.[C], F.A.C.S.,“ Toronto, Ont.

T he etiology of conjoined twins and the
problems of separating them have long
intrigued the surgeon.1 There have been
many famous “twins” : the Biddenden
Maids—Rosalie and Josepha Blazek; the
conjoined twins of Espanola—Johanna and
Melchoira; and recently Margaret and
Mary Gibbs,2 who died simultaneously of
cancer on January 7, 1967. The most
famous, the twins to whom the name
“Siamese” was given, were Chang and Eng
Bunker,3 bom in Siam in 1811 to a halfChinese, half-Siamese mother, and a Chi
nese father. Exhibited in the United States
by P. T. Bamum, they were joined at the
umbilicus by a band of tissue, seven inches
in circumference. The Bunker twins mar
ried sisters, raised two large families of
children, and contributed to the welfare of
their community by financing the building
of a church and public school. They died
in 1874 at the age of 63 years.

E mbkyological C onsiderations

Conjoined twins (monovular and m ono
zygotic) are the product of a single ovum,
and thus have the same chromosomal pat
tern and the same sex. The inner cell mass
normally divides before the third week of
gestation.9 11 Corner12 explains the morpho
genesis of homologous twins on this basis
—the most widely accepted explanation of
the twinning process. Conjoined twins re
sult when the fission is incomplete.
C ase R eports
Case l . —O n June 2, 1966, female thoraco

pagus twins, the product of a 36-week gestatation period, were born by cesarean section
to a 25-year-old mother in Guelph, Ontario.
On the same day they were admitted to the
Hospital for Sick Children, Toronto.
On admission they weighed 4870 g. They

C lassification

Many different classifications of con
joined twins have been suggested.4"8 That
derived by combining the anatomical area
of union with the Greek root “pagos”,
meaning “that which is fixed”, is convenient
and informative. Thoracopagus, in which
the twins are joined at the chest, is the
most common. In another type, omphalo
pagus, the conjunction at the umbilicus
frequently extends up to the xyphoid
process. These two classes account for ap
proximately 75% of conjoined twins.7 The
frequency of other types is as follows:
pygopagus (joined at the buttocks) 18%,
ischiopagus (joined at the ischium) 6% ,
craniopagus (joined at the head) 2 % .
More common in females than males by
two or three to one, the overall incidence
of conjoined twins ranges from 1/50,000 to
1/80,000 births.8

“ Associate, Department of Surgery, University of
Toronto. Associate Surgeon, The Hospital for Sick
Children, Toronto, Ont.

Fig. 1.—The Guelph conjoined twins before
separation demonstrating the extent o f conjunc
tion and the marked opisthotonos o f Tw in A.
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were in poor condition with cyanosis due to
respiratory embarrassment, which resulted
from the position of the conjunction. Twin A,
the smaller, was in marked opisthotonos (Fig.
1 ). The heart rates were 140/m in., and res
pirations 40/m in . A blood CO._, content of 13.3
m m ./I. and a pH of 7.14 indicated that they
were in acidosis. After oxygen administration
and intravenous infusions o f glucose and sa
line with added sodium bicarbonate solution,
their general condition improved.
They were joined from the level of the sec
ond rib to the umbilicus by a considerable tis
sue mass. Studies were done to determine if
surgical separation was feasible. Plain roent
genograms of the infants’ abdomens gave only
limited information regarding the gastro
intestinal tracts. A gastrointestinal series, per
formed on Twin B using thin liquid barium,
demonstrated that she had a normal alimentary
tract. This, and the fact that the stools o f both
infants contained bile pigment, suggested that
each had a separate alimentary and biliary sys
tem. Carmine red and brilliant cresyl blue
given b y mouth, pass unabsorbed through the
gastrointestinal tract. Either dye given to one
twin and appearing only in this twin’s stool
would have indicated that there was no con
junction of the two tracts. This test, however,
was not done. An oral cholecystogram did not
outline the gallbladders but, in both twins,
intravenous pyelography demonstrated normal
kidneys and bladders.
In thoracopagus twins it is crucial to deter
mine whether the heart is involved in the con
junction because on the result rests the final
decision whether to operate or not. On this
point it should be noted that we palpated in
dependent femoral pulses in each twin, which
is probably the most accurate physical sign of
separate ventricular activity.
T he electrocardiogram o f one twin showed
two ventricular complexes on the standard
limb leads, indicating that the twins had sep
arate ventricles and thus two individual hearts.
Angiographic studies confirmed this.
Although there are several methods such as
isotope-tagged albumin crossover studies,13'15
radioactive oxygen-15,10 and the injection of
intravenous dyes17 by which the volume of
cross-circulation can be determined, we did
not attempt a further estimate of vascular con
junction, principally because it would not give
enough information to justify the risk to the
smaller and weaker twin.
W e decided that the twins had conjoined
livers with separate biliary systems and sep
arate hearts, probably contained in a single
pericardial sac (Fig. 2 ).
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Fig. 2.—Diagram of the conjoined livers with
separate biliary systems, and separate hearts in a
common pericardial sac.

Ethical and Moral Considerations
Any separation o f conjoined twins requires
ethical and moral decisions because approxi
mately 75% of thoracopagus twins18 have only
one functioning heart, and separating these
twins would mean that one infant would be
sacrificed to save the other. Viewpoints vary
among people of different religions.19 “ Quality
of life” is emphasized by Protestants and those
who hold related moral philosophies. Roman
Catholics stress the fact that the “ right to life”
is derived directly from God and is not subject
to human decision. Several Jewish theologians
call attention to the obligation of the surgeon
“ to save life rather than destroy it” .

Timing of the Operation
The optimum time to separate thoracopagus
twins is when they are about 3 months of
age.11 Then the cardiopulmonary physiology is
believed to be stabilized20’ 21 and the infants
are more likely to withstand the operation.
Waiting, however, presents problems. Be
cause the chests are joined, the twins’ respira
tion is impeded and they are more liable to
develop respiratory infection.22
W e decided to delay operation until the
twins were approximately 3 months of age.
They were kept in strict isolation and were
bathed daily with hexachlorophene. It is to the
great credit of the nursing staff that these in
fants did not develop any infection during this
waiting period.
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Preparation for Operation
From the time the twins arrived in hospital,
sterile bundles of drapes and instruments were
kept in readiness, and surgical and nursing
staffs were briefed in case a sudden deteriora
tion o f the infants’ condition made an emer
gency operation necessary.
W e planned to use a single operating room
big enough to accommodate two operating
tables, the necessary staff and extra equip
ment.
Some special devices would have to be con
trived. Following separation in previous in
stances,8- 2224 surgeons had attempted, after
undercutting the margins, to close the skin over
the ventral defect. This resulted in an increase
of intra-abdominal pressure to a point where
the infants had difficulty in breathing and the
return of venous blood to the heart was im
peded. The extensive undercutting of the skin
also increased the danger o f massive infection.
In view of this, w e planned to close the defect
in the manner adopted by Able.25- 26 First, a
layer of polypropylene mesh would be sewn to
the abdominal muscles, diaphragm and costal
margin without tension. This would then be
covered with a sheet of siliconized rubber sewn
to the skin edges, and finally covered with a
soframycin tulle dressing.
The angiographic study had shown that
Twin B’s heart protruded from her thorax. If
her heart could not be satisfactorily restored
to a position within her chest27- 28 it would
have to be covered temporarily. For this pur
pose, we decided to use an acrylic cup fused
to a stiff sheet o f polypropylene mesh (Fig. 3 ).
Either the chest would grow sufficiently to al
low the heart to be returned to its natural, pro
tected position, or some surgical technique
might later be evolved to overcome the diffi
culty.

Fig. 3.—Acrylic cup fused to sheet o f poly
propylene mesh, used to cover temporarily the
heart of Twin B.

n -

Fig. 4.—Special draping which placed each in
fant in her ow n compartment leaving the area of
conjunction exposed. Drapes were sutured to the
skin at the operative site.

Because postoperative infection after so ex
tensive and prolonged an operation w ould be
a serious threat to the success o f the procedure,
we decided to protect the site b y extra m ea
sures. For this, we designed special drapes
which enclosed each child in a com pletely
separate compartment (F ig. 4 ).
T o familiarize each person with his role and
physical position in the operating room , four
com plete rehearsals were carried out b y sur
geons, anesthetists, nurses, technicians, hospi
tal cameramen and x-ray technicians. These
drills proved invaluable at the time o f the
operation.
In consultations with the anesthetist, the
exact method o f induction, intubation and the
gas mixtures to be used were decided w ell in
advance.
T he indicators of function such as b o d y tem
perature, b lood pressure, pulse, b lood pH ,
P co 2, P o 2 and urinary excretion were m oni
tored both during the operation and in the
immediate postoperative period. The accurate
replacement o f blood before complete separa
tion, was difficult because, while they were
still joined, it was impossible to determine
which infant was losing the blood. F or this
reason, central venous pressures and blood
pressures were monitored in each twin by
catheters in the femoral vein and arteries. Also,
electrocardiograms and electroencephalograms
were continuously recorded. A previous paper
b y the author and his colleagues29 gives a
more com plete description of the methods
used.
T o facilitate handling o f the infants during
the operation, “ R” frames as originally designed
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Fig. 5.—Twins strapped to “R” frames demonstrating the method of holding the intravenous
tubing and various monitoring leads in position.
by Wilson and Storer17 and modified by Kiesewetter22 were used (Fig. 5 ) . They proved in
valuable.
Separation September 17, 1966
Eighteen hours before operation, nasogastric
suction was begun in an effort to decompress
the twins’ gastrointestinal tracts as completely
as possible. At the same time venoclysis was
started, and methicillin, 250 mg./kg./day, and
ampicillin, 250 mg./kg./day, were given intra
venously. One hour before operation kanamycin, 15 mg./kg./day, intramuscularly was be
gun.
The twins had been given atropine sulfate,
0.02 mg./kg. intramuscularly, one-half hour
before the operation. In the operating room
they were intubated without difficulty since
the point of union allowed the children to lie
partly on their backs. Nasotracheal Portex
tubes were used to administer and maintain
anesthesia with oxygen and nitrous oxide.
Intermittently, succinylcholine was given in
travenously to promote relaxation.
Femoral cut-downs were done in the right
groin of Twin A and the left groin of Twin B.

Catheters were inserted into the femoral veins
and run up into the atria to record central
venous pressures and into the femoral arteries
to record blood pressures. The other monitor
ing leads were then positioned and the infants
attached to the “R” frames.
The twins were held above the stretcher and
the skin of the conjoined area was prepared
by swabbing with cetyltrimethyl ammonium
bromide (Cetavlon), water, and benzalkonium
chloride (Zephiran). Following this, the in
fants were transferred to the first operating
table where the special draping procedure was
carried out. The edges of the drapes bordering
the conjoined area were sutured to the skin
to hold them firmly in position.
The initial incision was made in the midline
in the lower portion of the conjunction. The
two peritoneal cavities were quite separate;
only the livers were fused. There were two
falciform ligaments, one for each infant, and
two gallbladders. Examination of the superior
surface of the fused liver indicated that there
were two inferior vena cavae. The dissection
was continued around the top of the liver, di
viding its attachments to the diaphragm. It
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was completed by dividing the posterior ab
dominal wall and costal cage (Fig. 7 ) .
Guided by the central venous and arterial
pressures, we had no difficulty in maintaining
adequate ventilation and normal blood pres
sures during this phase of the operation. Blood
was given as needed. After separation, blood
loss was easier to estimate and its replacement
in the individual baby was more accurate.
Twin A was moved with her anesthetic and
monitoring equipment to the second operating
table, her pericardial sac was closed and her
heart assumed a normal position well back
within her chest cavity. The large defect of the
anterior abdominal and chest wall was closed
with polypropylene mesh and siliconized rub
ber precisely as planned.

Fig. 6.—Diagram showing the degree of con
junction of the viscera and the initial steps in the
division of the liver. The attachments of the liver
to the diaphragm were incised in the midline
(arrow).

was then possible to place a finger around the
liver in the midline. To give more room and
make division easier, dissection was carried up
to the conjoined rib cages, and the ribs were
divided in the midline of the conjunction (Fig.
6 ) . W e found a common pericardial sac.
As division of the liver proceeded, bleeding
from the cut surface was controlled by digital
compression. Blood loss during this part of the
dissection was moderate. The vessels of the
liver were clamped and coagulated as encoun
tered. When division was completed, the an
terior and posterior surfaces of the liver were
drawn together with interrupted 000 chromic
catgut sutures.
Following division of the liver, the peri
cardial sac was opened. Twin B’s heart was
larger than Twin A’s, and lay superior to it,
extending well over into Twin A’s chest cav
ity. W e divided the pericardial sac and the
diaphragm completely. Separation of the twins

Fig. 7.—Diagram demonstrating complete divi
sion of the liver, diaphragm and pericardial sac.
The pericardial sac of Twin A was closed with
sutures, that of Twin B with a sheet of siliconized
rubber.

W e had anticipated problems with Twin B ’s
heart, which protruded out of her chest. Any
attempt to move her heart precipitated cardiac
arrhythmia and bradycardia. Because there was
not enough pericardial sac to cover the heart,
a thin sheet of siliconized rubber was used.
Originally sewn too tightly, it slowed the heart
rate and had to be loosened. As planned, an
appropriate-sized acrylic cup fused to a heavy
piece of polypropylene mesh was placed over
the heart and the mesh sutured to the costal
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five days later, the wound was still clean and
granulation tissue had begun to grow through
the mesh. The baby was doing well on feed
ings by mouth.
Twenty-five days after the first operation the
granulating surface was ready for skin graft
ing. W e used split thickness skin from the low 
er extremities. Six days later almost 100% of
the graft had taken. The abdominal defect
healed well thereafter. The baby was dis
charged from hospital on November 6, 1966,
126 days after her admission. She was re
admitted six months later with two small drain
ing sinuses at the edge of the abdominal
closure where a piece of mesh had protruded.
This was trimmed and the sinuses healed
rapidly. She has continued to grow and is
apparently well.
Fig. 8.—Diagram showing closure of the ventral
defect of Twin B with the addition of an acrylic
cup to cover the protruding heart.

margins and diaphragm (Fig. 8 ). The remain
der of the abdominal defect was closed in a
fashion similar to that used for Twin A.
Because in an operation involving two indi
viduals accurate sponge and instrument counts
are difficult, roentgenograms were made of the
twins immediately after the operation to en
sure that no foreign material had been left
in the infants except for that used to close the
ventral defects, and to be sure that neither
child had an unrecognized pneumothorax.
The infants were then transferred to the in
tensive care area on individual stretchers
equipped for the administration of anesthetic.
The endotracheal tube was left in place in
Twin B because she required assisted ventila
tion. Four and one-half hours after operation
this was discontinued. Because her electrocar
diogram had been showing a variable atrio
ventricular block and tachycardia up to
200/m in ., she was digitalized. For the next
2 ‘i hours her condition was relatively satisfac
tory, then she suddenly became cyanosed and
pale, and her heart rate slowed. Although her
hematocrit had fallen from 47 ml./lOO ml. to
25 m l./lOO ml., there was no obvious source
of bleeding. Assisted ventilation was again em 
ployed because her lungs were congested and
air entry was poor. She died in cardiorespira
tory failure eight hours after her return from
the operating room. Since permission for post
mortem examination was not granted, the
exact cause of death is unknown.
Twin A progressed favourably and, when
the initial dressing was changed on the fifth
day after operation, there was no evidence of
wound infection. At a second dressing change,

Case 2 .—On September 9, 1967 a second
set of female thoracopagus twins was ad
mitted to the Hospital for Sick Children at
2 hours o f age. Born in Toronto to an 18-yearold Greek mother who was para 1, gravida 1,
they were the product o f a 36-week gestation
and had a combined birth weight of 3110 g.
The infants were unequal in size, one was
41 cm. long and the other 39.5 cm. They were
joined from the level o f the third rib to the
umbilicus by a conjunction 11 cm. long. Their
general condition was poor. Twin A had a
b lood pH of 6.95, Twin B 6.93 indicating they
were in marked metabolic acidosis. Both were
in opisthotonos.
After immediate resuscitative therapy, a
roentgenogram of the abdomen and chest
showed that each infant had a normal pleural
cavity and lungs. Twin A had air in the stom
ach and duodenum, Twin B had air in the
stomach, duodenum and small intestine. Using
the standard limb leads, electrocardiograms in
dicated only one type of electrical complex,
suggesting a single heart. An angiogram in
Twin A showed a single large atrial chamber,
and what appeared to be a single ventricle.
The twins’ condition rapidly deteriorated fol
lowing the angiographic study and they died
26 hours after birth.
At postmortem examination, we found a
single heart with a common large atrium, and
two ventricles with a large interventricular
septal defect. Each ventricle was further part
ly divided into anterior and posterior portions.
An aorta and pulmonary artery arose from each
main ventricle, and there was a superior and
inferior vena cava for each infant, which
drained into the common atrium.
In addition, Twin A had duodenal atresia,
extrahepatic biliary atresia and non-rotation of
the large intestine. The small intestine of
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Tw in B bifurcated about 12 inches above the
ileocecal valve into two segments, one going
into each twin. T h e livers were fused in the
midline and there were two gallbladders. In
both babies, the brains were immature and
Twin A had a subdural hemorrhage most
marked over the base and brain stem.

These two sets of twins dramatically
demonstrate the complex anatomical prob
lems associated with conjunction, and
demonstrate the need for thorough investi
gation before any attempt is made to
separate these infants.
C onclusions
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IN TRA-ARTERIAL IN FUSION FOR
CANCER
Outpatient intermittent intra-arterial cancer
chemotherapy was used through 47 catheters
in 30 patients. The method was simple, in
expensive and effective with an acceptable
complication rate. Tumour regression of over
75% occurred in 77%, with complete regression
in 13%. Regression persisted for one to seven
months with an average of 2.5 months.
Twenty-three patients (77%) had some re
gression of their lesion during and after
therapy. Complete regression occurred in four
and good regression in nine. Seventeen pa
tients had fair or no regression. The best
results were obtained in patients with squa
mous carcinoma of the head and neck, and
adenocarcinoma of the breast.
Important complications occurred in three
patients and included a transient episode of
cerebral ischemia, and small amounts of rectal
bleeding in a patient receiving internal iliac
perfusion (which ceased when the perfusion
was stopped).
The enthusiasm for intra-arterial infusion
in cancer chemotherapy has waxed and waned
over the past decade. Introduced by Klopp
et al. in 1950, the concept lay dormant until
Sullivan popularized continuous infusion with
methotrexate and citrovorum factor. Tarr in
troduced the use of 5-fluorouracil in regional
infusions and found that the drug could be
carried to high levels of local response without
evidence of systemic toxicity and without the
need for a systemic antagonist. Numerous
reports substantiate a high incidence of local
tumour regression with intra-arterial infusions;

the responses are usually of short duration,
varying from one to three months. The ad
vantages of continuous infusion therapy are
often negated by the expense of long-term
hospital care and by the associated complica
tions of therapy.
Almost all major complications are avoid
able. Bleeding around the catheter and hemor
rhage from vessel walls is very rare if vessels
are always intubated by way of a small
branch rather than directly through the wall.
Infusion of the common carotid artery or the
first part of the subclavian artery carries a
3% to 5% risk of stroke and must not be under
taken unless this risk is judged worth while.
Introduction of ambulatory outpatient con
tinuous infusion by Watkins and Sullivan has
abolished the necessity of expensive long-term
hospitalization. One of the chief problems
with their technique is the slow injection of
very small amounts of fluid into the blood
stream, leading to poor distribution of the
agent. Another difficulty is the expense of
pumps, which cost several hundred dollars
each. An active outpatient perfusion program
requires a substantial investment, especially if
multiple catheters (and thus several pumps)
are used in the same patient.
Substitution of intermittent for continuous
infusion permits a much simpler and less ex
pensive system and, at the same time, pro
vides better drug distribution and equal or
better tumour response.—-Rush, B. F., Rowe,
C. and Humphrey, L .: Intermittent intra
arterial infusion for cancer: a simple, inexpen
sive, outpatient method for prolonged regional
chemotherapy, Surgery, 64: 901, 1968.

Resu m e
Deux jumeaux thoracopages ont ete separes au
Hospital for Sick Children de Toronto. L ’un est
mort huit heures apres l’operation: l’autre a
survecu.
Un deuxieme cas similaire compose de deux
jumeaux ete etudie: ils n’avaient qu’un seul cceur
et etaient porteurs de plusieurs autres anomalies
congenitales. Ils sont morts au cours de l’examen.
Ces deux cas illustrent eloquemment les dif
ficulty's qui se rencontrent dans ce genre de defaut
embryologique.
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SURGICALLY CREATED ARTERIOVENOUS FISTULAS IN
CHRONIC HEMODIALYSIS'*
A. H. IRVINE, M .D , F.R.C.S.[C], F.A.C.S., L. DOUGLAS, M.D., F .R .C .S.(E din.) and
B. KOCH, M .D., F.R.C.P.[C ], Ottawa, Ont.

W hen the artificial kidney was introduced
in 1943, the treatment of renal failure en
tered a new era. Application of the tech
nique has been limited because there are
only a few superficial blood vessels avail
able for repeated hemodialysis. O f neces
sity, the first dialyses were intermittent. Via
venipuncture, blood was removed from the
patient in 50-ml. amounts, passed through
the artificial kidney and then returned to
the patient.1 Although successful to a de
gree, this method was cumbersome. The
need for continuous dialysis soon became
obvious.
The first attempt at continuous dialysis
made use of simultaneous arterial and ven
ous punctures but because, even in experi
enced hands, arterial puncture is difficult,
this technique was soon abandoned. Next,
arterial and venous cannulation at open
operation was attempted; that is, vascular
surgery was performed at each dialysis.
Once again, the number o f dialyses each
patient could have was limited by the avail
ability of peripheral vessels, particularly
arteries, because repeated operations on
these vessels inevitably induce thrombosis.
In 1948, Alwall, Norviit and Steins2 con
structed a permanent arteriovenous ( A V )
shunt using a glass cannula, a method that
also failed because of thrombosis. Other
attempts to solve these problems all suf
fered from the same fault; they were only
satisfactory for a few dialyses (Table I ).

Until Quinton, Dillard and Scribner3 de
vised an arteriovenous shunt in 1960, the
artificial kidney was most successful in the
treatment o f acute renal failure. By using
Teflon and Silastic tubing they decreased
the incidence of clotting but, while these
substances made long-term hemodialysis
practical, their use was attended by numer
ous complications. The most serious of
these—thrombosis and infection—increased
patient morbidity and limited the duration
o f the dialysis. In various centres shunts
have been kept open from 6 weeks to 14
months;4'6 ours have averaged three to five
months. Removal of the clot or simple re
vision of the existing shunt will often keep
them functioning, but eventually a new
shunt must b e constructed. For this reason,
long-term hemodialysis using an arterio
venous shunt depends on the availability
o f sites for shunt placement.
In 1962, Cimino and Brescia,7 using veni
punctures augmented by a pneumatic tour
niquet, performed repeated dialyses. Their
success led them to develop a surgically
constructed arteriovenous fistula.8 The prin
ciple underlying this technique is shown
schematically in Fig. 1.
M ethod

In this technique, we used brachial block
anesthesia supplemented, when necessary,
by light general anesthesia. W hen a re
gional anesthetic is not used, a stellate

T A B LE I. — V a sc u l a r C o nn ections

for

H em odialysis

(1) Venipuncture—intermittent (Kolff 1943).
indwelling for continuous hemodialysis (Kolff 1943, and Cimino and Brescia 1962).
(2) Arterial and venipuncture (Kolff 1943).
(3) Arterial and venous cannulation—intermittent (Kolff 1943).
indwelling (Alwall, Norviit and Steins 1948, and Quinton, Dillard
and Scribner 1960).
(4) Venous cannulation (single catheter)— venovenous
auriculovenous
phase reversal (Twiss 1964).
(5) A V fistula (Brescia et al. 1966).
“ From the Department of Urology and the Renal
Unit, Ottawa Civic Hospital, and the University of
Ottawa, Ottawa, Ont.

ganglion block is done to minimize vascular
spasm. The fistula is usually constructed on
the left forearm of a right-handed person.
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Fig. 1.—Schematic illustration of hemodialysis
with the arteriovenous fistula.

However, if the patient has already had a
vascular procedure on one forearm, the
other is used. A pneumatic tourniquet is
applied to the upper arm and inflated to a
point above the level of the venous pres
sure. The venous distension so produced
enables us to find a suitable vein close to
the radial artery.
A longitudinal incision 4 to 6 cm. long is
made on the flexor aspect of the forearm
about 2 cm. proximal to the wrist and cen
tred between the artery and vein. To facili
tate dissection of the vein, the incision is
made convex towards the artery. Both ar
tery and vein are mobilized by ligating any
branches or tributaries that keep them from
being brought together. The length of the
vessel mobilized depends on the distance
separating the vessels, the aim being to
approximate them over a distance of about

Fig. 2.—A 2.5-mm. diameter artery (above) ap
proximated to the vein (below).

Vol. 12

Fig. 3.—The posterior row of sutures is com
pleted.

2 cm., without producing undue angulation
or tension. The vessels are occluded and
held in apposition by two light atraumatic
vascular clamps (Fig. 2). Using a small
scalpel blade, an incision approximately 5
mm. in length is made in the adjacent walls
of the two vessels. A side-to-side anastomo
sis is then created using a continuous su
ture of 6-0 or 7-0 arterial silk (Figs. 3 and
4).
When the anastomosis is completed, the
proximal and distal clamps are released
simultaneously. If the anastomosis leaks, it
is gently compressed with a gauze swab
for a minute or two. Occasionally, an addi
tional interrupted suture is inserted. A
2.5% papaverine solution can be applied

Fig. 4.—Anastomosis completed and fistula func
tioning.
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terial flow has to be increased, a small
tourniquet is applied between the two can
nulas. At the end of dialysis, the “Medicuts”
are removed and firm pressure is applied
over the puncture sites for a few minutes
to control bleeding.
R esults

Fig. 5.—“Medicut” cannulas in place during di
alysis.

topically if there is vascular spasm. A thrill
may be felt immediately and a bruit may be
heard when the incision has been closed.
In our unit, hemodialysis is carried out
through the fistula as follows: The fore
arm is prepared with cetyltrimethyl ammo
nium bromide (Cetavalon) and draped.
After venous outflow has been occluded by
a tourniquet, a vein or two separate veins,
which now carry arterial blood, are chosen
and skin over the puncture sites is infil
trated with local anesthetic. Two size 14
or 16 disposable “Medicut” cannulas are
introduced. The distal cannula supplies
blood to the artificial kidney while the
proximal cannula returns blood to the pa
tient (Fig. 5). If, for any reason, the ar

Our results in 16 patients who had fis
tulas constructed are shown in Table II.
The interval between the construction of
the fistula and its use is of particular inter
est. Some workers have suggested that the
fistula be left for at least a month to allow
the anastomosis to heal and for the vein to
“arterialize” before it is used. We have not
found this necessary in all patients. One
patient underwent dialysis the day after the
fistula was created and an adequate flow
(over 200 ml./min.) was obtained. In our
second patient, the fistula has been in use
for 11 months, another (Case 5) for 10
months. Of other patients who have had
fistulas for long periods, two died of causes
unrelated to the fistulas and one has re
ceived a renal transplant. Three of our re
cent patients also received kidney trans
plants. One patient (Case 5) has had 104
dialyses—a total of 550 hours. Another
(Case 6) had almost as many hours of
dialysis with an arteriovenous shunt but
frequent shunt complications finally ended

TABLE II. — D a t a on C h ro n ic H em o d ialy sis W ith A rter io v e n o u s F istu las
Construction of Months on dialysis Hours on dialysis Number of dialyses
fistula to dialysis
Patient (interval—days) Shunt Fistula Shunt Fistula Shunt Fistula
Comments
1
8
3.5
0.5
130
14
26
3
Died
2
29
11.5
10.5
331
230
46
46
3
0
0
5.0
0
186
0
38 Transplanted
4
4
0
0.5
0
31
0
6 Died
5
4
0
9.5
0
550
0
104
0
14.5
0
505
0
101
0 Fistula not used—
died
1*
7
4.5
5.0
130
194
26
36 Third fistula—•
transplanted
8
10
0
4.5
0
118
0
22
9
44
0
1.5
0
48
0
10 Voluntarily left
program
5
10
0
3.5
0
161
0
32 Transplanted
11
4
7.5
3.5
181
111
36
21 Second fistula
12
71
0
1.5
0
41
0
7
19
13
0
2.5
0
110
0
22
Second fistula
5
0
14
1.5
0
50
0
10 Transplanted
15
0
0
0
0
0
0 Not yet on
dialysis
0
0
10
0
0
0
0 Not yet on
dialysis
Blood flow 200 ml./min.
—

—
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T A B L E III.— D ia l y sis W ith S hunt

and.F istula

C ompared

in a

Average Blood urea nitrogen
Duration flow
{mg./100 ml.)
(hours) (ml./min.) Pre
Post

Vol. 12

S in gle P a tien t (E.S., A ge 47, F em a le )
Creatinine
(mg./lOO ml.)
Pre
Post

Dialysis
no.

Date

Shunt

1
2
3
4
5
6

4.4.67
12.4.67
19.4.67
25.4.67
1.5.67
8.5.67

5.00
5.00
5.00
5.08
5.08
5.08

330
370
370
370
370
290

73
68
64
58
63
61

29
19
23
20
20
18

7.3
7.1
6.6
6.8
6.3
7.2

4.0
2.9
3.3
2.5
2.3
3.2

Fistula

1
2
3
4
5
6

12.6.67
19.6.67
26.6.67
4.7.67
12.7.67
19.7.67

5.08
5.16
5.08
5.00
5.00
5.00

150
170
200
200
160
190

70
73
65
76
70
72

27
11
8
32
27
27

7.7
7.2
7.3
8.0
7.8
7.7

3.6
2.0
2.1
7.2
3.9
3.7

in clotting. In our second patient, the
fistula was used 46 times—a total of 230
hours, and in the third, 38 times for 186
hours before she received a transplant.
Table III compares, in a single patient,
the results of the last six dialyses using an
arteriovenous shunt, with the first six on an
arteriovenous fistula. With the fistula, the
average blood flow in millilitres per minute
was lower than with the shunt but flow im
proved as the fistula matured. With the
shunt or fistula, the predialysis and post
dialysis values for blood urea nitrogen and
creatinine were comparable (Fig. 6 ). The
results in this patient are representative of
BUN:

m g X.

Shunt

----------------- -

Fistula

Weight
(lb.)
Pre
Post

112
113
11114
114J4
114
115J4
115
115M
115J4
115
117
116

110H
112
113
115K
114J4
116
116
117
115
117
117
117

the others on our program who have had
dialysis through an AV shunt, and subse
quently through a fistula. Other measures
such as serum potassium, carbon dioxide
combining power, calcium, weight and sub
jective improvement were also comparable.
D iscussion

The arteriovenous fistula was developed
in an attempt to overcome the complica
tions and limitations of the arteriovenous
shunt in chronic hemodialysis. The main
complications of shunts and fistulas are
compared in Table IV. Infection is relativeCREATININE:
Shunt
Fistula

--------------------

m g ’/.

„_________,
-----------------

80

2

2

shunt.

Hours

4

6

Fig. 6.—Response of blood urea nitrogen and serum creatinine levels to dialysis by fistula and
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TA BLE IV.— M a in C o m plic a t io n s
and

of

S h unts

F is t u l a s

Shunts

SIGNS
Infection............................... + + +
Thrombosis..........................
+ + +
++
Hemorrhage.............................
Erosion of skin....................
Psychogenic disturbance. .
+
SYM PTOM S
Cold hand.................................
Noise..........................................

—
—

Fistulas

—
—
—
—
—
-J-j-

+ + + = common, + = uncommon.

ly common with the shunt because a for
eign substance lies in a subcutaneous tun
nel that opens onto the skin. During
dialysis, bleeding at the cannulation site
may also promote infection because clot
provides a good growth medium. Infection
consisted of local abscess formation, cellu
litis and thrombophlebitis.
Thrombosis is the most frequent cause of
failure in shunts. Two main factors are re
sponsible. First, blood must pass through
Teflon and Silastic tubing with at least
three connections, which give its internal
surface considerable irregularity; this can
cause platelet damage and thrombus for
mation. Second, the vascular endothelium
is damaged not only where the Teflon tip
enters the vessel but also for some distance
beyond; this may also result in thrombosis.9
A shunt always involves the risk of
hemorrhage because arterial blood flows
through a partially exposed external can
nula. Shunts have become disconnected
accidentally causing exsanguination, or in
tentionally in suicide attempts.
Pressure from the subcutaneous tubing of
the shunt on the overlying skin occasional
ly causes necrosis. This was common in
earlier shunts which were constructed sole
ly of Teflon which is more rigid than the
Silastic tubing currently used. Such ne
crosis inevitably leads to local infection and
thrombosis.
Patients undergoing long-term hemodi
alysis commonly have psychogenic disturb
ances because they have been warned
about the danger of the shunt disconnect
ing or of trauma to the cannula site. Most
patients carry a pair of bulldog clamps to
use in an emergency. The net result is that
the shunt arm is not only a physical but also
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a mental burden. Also, with a shunt, activ
ity is restricted. Strenuous use of the arm
may produce bleeding at the cannulation
site or endothelial damage by the cannula;
either may precipitate infection or throm
bosis. Patients must also keep the shunt
dry. These restrictions make the patient’s
life even more difficult when the shunt is
in a leg.
The management of a patient with an AV
shunt can be time consuming. Because
thrombosis is one of the main complica
tions of shunts, much time may be spent
“declotting” the system. With our shunts,
36 operations were done in 25 patients, the
11 additional operations were done to re
vise old shunts or to construct new ones.
The arteriovenous fistula seems relative
ly free of complications. To date, we have
bad no infections with the fistula. W e have
seen clotting in patients with fistulas but
in each case, other arterialized veins were
spared so that subsequent dialyses were
done without difficulty. There is a risk of
hemorrhage in patients with fistulas, be
cause profuse arterial bleeding will occur
if a superficial vein is cut, but we have yet
to see this complication in our series.
The patient with a fistula does not have
the same anxiety concerning possible haz
ards as does a patient with an AV shunt.
Some patients with fistulas complain that,
because of the continuous bruit, they have
difficulty in sleeping. A few patients with
fistulas say that the hand feels cold, a sub
jective sensation that is not confirmed by
clinical examination. Patients with fistulas
face fewer restrictions; they may lead nor
mal lives, limited only by their uremia.
During hemodialysis with a fistula, the pa
tient’s movements are restricted to avoid
dislodging the needles. In our unit this is
not a serious problem; we use plastic can
nulas instead of needles and the patient is
only limited by the tubes from the artifi
cial kidney.
An AV shunt can be used for hemodi
alysis immediately after its construction.
Conversely, it has been stated that a fistula
should not be used immediately but al
lowed to mature for several weeks so that
the superficial veins can arterialize and thus
increase flow rates. As a rule, we adhere
to this principle and, whenever possible,
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construct fistulas in patients with renal fail
ure when they are approaching but have
not yet reached the point where they are
dialysis-dependent. However, we once
used a fistula 24 hours after it had been
created and got adequate dialysis. Starting
dialysis in a patient with a shunt is rela
tively simple and requires little training.
With the fistula, skill in venipuncture is
necessary and dialysis can only be initiated
by a physician or a specially trained nurse
or technician; thus, it cannot be used for
home dialysis. As the fistula matures, the
development of arterialized veins makes the
technique simpler (Fig. 7 ). Also, the pa-

Fig. 7.—Arteriogram showing fistula (arrow) and
“ arterialized” venous circulation.

tient finds that starting a dialysis with a
fistula is more disturbing than with a shunt
because he has to endure the discomfort of
an injection of local anesthetic before the
venipunctures are carried out.
The medical supervision of a fistula is
minimal. In our unit, once the fistula has
been created, it has functioned well with
out any additional surgical procedure. Be
cause the fistula is a low-pressure system,
it may be better suited to machines in
which the arterial flow is aided by a pump,
such as the Kolff or its modifications. H ow
ever, in at least one centre using the Kiil
kidney, a pump has been added to the cir
cuit to allow successful dialysis with an AV
fistula.
In one patient, we demonstrated that the
fistula carried approximately 25% of the
total cardiac output. With the fistula
functioning, his cardiac output was 10.3
l./min. and his cardiac index was 5.9
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l./M 2/min. These values dropped to 7.5
l./min. and 4.3 l./M 2/m in. when the bra
chial artery was compressed. After he re
ceived a new kidney, his fistula was closed.
His cardiac output was then 6.6 l./min.
and cardiac index 3.85 l./M 2/min. Only
one patient, a woman, developed high out
put cardiac failure; she had a functioning
AV shunt which was endangered by pro
gressive skin necrosis. W e constructed an
AV fistula thinking we would remove the
shunt when the fistula had matured. She
went into congestive failure which was re
versed when the shunt was clamped and
then removed. She could tolerate the shunt
or the fistula without difficulty but not the
two functioning simultaneously.
Occasionally, in constructing a fistula, it
is difficult to mobilize a vein enough to ap
proximate it to the artery without undue
tension or angulation, if they are separ
ated by any appreciable distance. In
several patients recently, the artery and
vein were divided and an end-to-end anas
tomosis performed with the VogelfangerNRC stapler. A gap of several centimetres
was thus overcome easily and effectively
and we plan to use this method for our
future fistulas. Also, we are investigating
a double-barrelled needle so that a dialysis
can be done through a single venipuncture.
Su m m a r y

W e have reviewed the methods by which
patients are connected to the artificial kid
ney for hemodialysis, and compared the
arteriovenous shunt and the arteriovenous
fistula. Each technique has certain advan
tages and disadvantages. From experience
with both, we believe that the fistula is a
more satisfactory method for chronic hemo
dialysis in a hospital dialysis unit.
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DELIRIUM TREMENS
A series of alcoholic patients, half of whom
did and half of whom did not develop de
lirium tremens, was studied in an attempt to
determine which factors differentiated those
who later developed delirium tremens from
those who did not. The presence of previous
episodes of delirium tremens, a history of im
bibing more than the equivalent of one pint
of whisky per day for 10 of the 14 days
before admission, cirrhosis and enlarged liver,
or early withdrawal symptoms were found
to correlate with an increased incidence
of delirium tremens. The presence of two
or more of these factors correlated with a
greatly increased incidence of delirium trem
ens. In addition, our data suggest that delir
ium tremens is more common in alcoholics
admitted for emergent rather than for
chronic conditions. Surgeons should be
alerted to the possible development of delir
ium tremens in patients with these character
istics, and they should be aware of the possi
bilities of preventing this syndrome through
the use of paralydehyde in adequate dosage
before the development of symptoms.
Once the surgeon suspects that the patient
belongs in the high risk group of alcoholics,
it is important to start substitution therapy
to replace the alcohol previously ingested as
soon as possible, before the development of
the later and more serious abstinence symp
toms. The early symptoms of withdrawal can
be controlled by drinking more alcohol, while
the later more serious symptoms cannot. How
ever, alcohol is not the optimal drug for use
in prophylaxis of the withdrawal state.
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9. G la sh a n , R. W. and W a l k e r , F .: A histo
logical examination of veins used in arti
ficial arteriovenous ( ‘Quinton/Scribner’ )
shunts, Brit. J. Surg., 5 5 : 189, 1968.
R esu m e
Cet article a pour objet de passer en revue et
de comparer les methodes de liaison des malades
au rein artificiel en vue de l’hemodialyse. Les
pontages arterioveineux et les fistules arterioveineuses ont leurs avantages et leurs inconvenients
propres. De notre experience personnelle, nous
avons conclu que la fistule est une methode d’hemodialyse chronique plus satisfaisante dans une
salle d’hemodialyse hospitaliere.

The ideal drug for the prevention of the
alcohol withdrawal syndrome should com
bine the ability to substitute pharmacologic
ally for alcohol with an absence of toxic and
sedative properties. Unfortunately, such a
drug is presently not available. W e believe,
as do others, that paraldehyde is presently
the most useful drug for this purpose of all
the sedatives and hypnotics which can sub
stitute in some measure for alcohol. It is less
hepatotoxic than barbiturates and can be
given parenterally. This is quite important
since many surgical patients cannot take any
thing orally. However, paraldehyde is not
without disadvantages; it is dangerous when
given intravenously, it has some degree of
hepatoxicity, and it obtunds the state of con
sciousness. Because of its hepatotoxicity, it
should not be given to patients with impend
ing liver failure. Impending liver failure may
be confused with delirium tremens, since
alcoholics with hepatic decompensation may
also develop delirium, agitation, and tremor.
Paraldehyde, when given to such a patient,
will put further strain on an already decom
pensated liver and may precipitate coma.
Impending hepatic coma is by far the most
likely diagnosis when the alcoholic with ascites
or jaundice becomes agitated, tremulous, or
delirious. Confirmation of the diagnosis may be
obtained from the flapping tremor (episodic
hyperextension and flexion is most marked
at the wrist when the hand is hyperextended),
which is quite different in appearance from
the continuous and more generalized tremu
lousness of the alcoholic.— Glickman, L. and
Herbsman, H .: Delirium tremens in surgical
patients, Surgery, 64: 882, 1968.
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PRIMARY HYPERPARATHYROIDISM®
Z. J. BOROWY, M.D., B.Sc.(M ed.), F.R.C.S.[C], Toronto, Ont.
P r im a r y hyperparathyroidism is being di
agnosed with increasing frequency. A re
cent encounter with several interesting in
stances of this disorder stimulated me to
review 28 such patients who had been
treated surgically at St. Joseph’s Hospital,
Toronto: of these 24 were under my per
sonal care. Some of the more interesting
experiences will be related. Because this
subject was reviewed in the Canadian Jour
nal o f Surgery six years ago,1 my review of
the literature on primary hyperparathyroid
ism will be limited.
In 1891, von Recklinghausen of Stras
bourg first described the classical bone
disease, osteitis fibrosa cystica, which is
also known now as “von Recklinghausen’s
disease of bone”. In 1903, Askanazy of Konigsberg found a parathyroid adenoma in a
patient dying with this bone disease. How
ever, he believed the parathyroid enlarge
ment was secondary to the bone disease.
In 1915, Schlagenhaufer of Vienna sug
gested that the parathyroid enlargement
might have caused the bone disease. In
1925, Felix Mandl, a Viennese surgeon, re
moved a parathyroid tumour from a patient
with osteitis fibrosa cystica. The patient im
proved and the relationship between the
bone disease and the tumour was thus es
tablished.
Between 1926 and 1932 many patients
with hyperparathyroidism and bone dis
ease were identified, including a sea cap
tain treated in the United States by DuBois
and Aub. His adenoma was not removed
until his seventh operation in 1932.
Fuller Albright noted that 80% of these
patients had kidney stones. In 1942, he and
Cope emphasized that urinary calcular dis
ease was more common than bone disease
in hyperparathyroidism and that kidney
stones may be present without bony
changes. After this observation, urologists
began to screen all patients with stones for
hyperparathyroidism. They found that be
tween 3% and 10% of those with stones
had this disorder. Now, more patients with
“From the Department of Surgery, St. Joseph’s
Hospital, Toronto, Ont.

primary hyperparathyroidism are being
recognized because they have kidney stones
than because they have bone lesions.
In 1944, at the Mayo Clinic, Rogers did
an autopsy on two patients who had died
with peptic ulcer and found that each had
a parathyroid adenoma. He drew attention
to the fact that a small percentage of pa
tients with peptic ulcer suffer from hyper
parathyroidism and that these ulcers resist
ordinary methods of treatment. If the ulcer
is to be cured, the adenoma must be re
moved.
Other diseases are now being recognized
with increased frequency in hyperparathy
roidism; for example, acute and chronic
pancreatitis and, more recently, arterial hy
pertension.
Primary hyperparathyroidism is due to
an adenoma, primary hyperplasia, or carci
noma of the parathyroid gland, which
causes an overproduction of parathyroid
hormone leading to (1 ) a rise in blood cal
cium (hypercalcemia), (2) an increased
excretion of calcium and phosphate in the
urine (hypercalciuria and hyperphosphaturia), and (3 ) a decrease in blood phos
phorus.
P a r a t h o r m o n e A c tio n and C o n tr o l .
B lo od C a l c iu m L e v els

of

There are two main theories concerning
the action of parathormone. The first, that
proposed by Collip, states that the hormone
acts on bone, stimulating osteoclastic activ
ity and bone destruction, liberating excess
calcium and phosphorus. A second theory,
that of Albright and Kerr, contends that the
hormone acts primarily on kidney, increas
ing phosphate excretion by depressing phos
phatase activity in the proximal tubule, de
creasing resorption of phosphorus. Because
the product of the levels of ionized calcium
and phosphorus is constant, the hypophos
phatemia leads to hypercalcemia and hyper
calciuria. Neither theory adequately ex
plains the disease. It is possible that the
hormone may have two factors, one acting
on renal tubules and one on bone.
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Fig. la

Fig. lb

Fig. lc

Fig. Id

Fig. 1.—(a and b) Pathological fracture through a cystic lesion of the upper end of the humerus,
(c and d) Photomicrographs of the same lesion showing the osteoclastoma (giant cell tumour) of prim
ary hyperparathyroidism.

The control of the level of calcium in
blood and body fluids depends upon the
vast reservoir of calcium in bone, and the

interaction of specific hormones from the
parathyroid and thyroid glands. It has been
demonstrated that the hormone calcitonin
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Fig. 2a

Vol. 12

Fig. 2b

Fig. 2.—Radiographs of (a) legs and (b) hands showing decalcification and cystic lesions
in the small bones and tibia in primary hyperparathyroidism.

is the product of the ultimobranchial
glands which, though found in the human
thyroid, are not part of the gland.2- 3 This
recent discovery has opened up a new field
in endocrinology and will add to our
knowledge of calcium regulation and meta
bolic bone disease.
Calcitonin, a small polypeptide of high
potency, inhibits calcium resorption from
bone and promotes positive calcium bal
ance. It does not produce ectopic calcifica
tion in tissues and, in fact, may reduce such
calcification.
A fall in plasma calcium releases para
thormone from the parathyroid which in
turn elevates the plasma calcium level and
restores it to normal; a rise in plasma cal
cium releases calcitonin from the thyroid
which lowers plasma calcium. This regula
tion is very precise in the normal indi
vidual.
R elat io n sh ip B e tw e en P athological
and B io c h e m ic a l C hanges

C hanges in the Skeletal System
These changes can be offset by a high
calcium dietary intake which can keep
pace with the excess calcium excretion. In
this condition, the generalized alteration
of the bone structure is characterized by
(1) disorganized arrangement of trabeculae,
(2) generalized decalcification, and (3)
cystic changes. The generalized osteo
porosis leads to softening of the bones
causing various signs and symptoms such

as vague bone pain, tenderness, skeletal
deformities such as pigeon chest, leg bow
ing, and kyphosis. The bone swelling that
follows cyst formation causes pain, and the
cysts frequently cause pathological frac
tures. These cysts are often referred to as
“giant cell tumours”, “osteoclastomas”, or
“brown tumours” (Fig. 1). The bone
changes are best seen in the hands, feet,
jaw, skull and ends of long bones (Fig. 2).
Changes in the phalanges of the hand.—
There is general decalcification with sub
periosteal bone resorption, especially in the
middle phalanges. Resorption of the tufts
of the terminal phalanges is common.
Changes in the sku ll—There is a granu
lar decalcification leading to an indistinct
separation of the inner and outer table of
the skull (Fig. 3).
Changes in the lamina dura around the
teeth.—An early, common radiological sign
is resorption of the lamina dura, which is
the bony cortex of the jaw around the root
of a tooth. The surrounding bone may show
alteration in trabecular structure and occa
sionally cystic changes.
Renal Changes
Hypercalciuria is usually associated with
polyuria and polydipsia, and may mimic
diabetes mellitus. The main effects are the
formation of calculi and the related com
plications of pyelonephritis, hydronephrosis,
uremia and anuria. Calculi are usually
calcium phosphate although oxalate stones
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Fig. 3.—Radiograph showing cystic lesions and granular decalcification o f the skull in
primary hyperparathyroidism.

may occur. Calculi usually occur in the
upper levels of the renal system, but may
be found at any level.
In addition, there is diffuse, multiple
precipitation of calcium throughout the
renal parenchyma producing nephrocalcinosis—a pathognomonic radiological sign.
Calcium is precipitated in the renal tubules
as calcium casts and in the interstices of
the parenchyma (Fig. 4 ). These changes
can impair the function of the kidneys and
can ultimately lead to death.
Effects Due to Hypercalcemia
Hypercalcemia influences neuromuscular
irritability and muscle tone causing muscle
relaxation and fatigue.
General sym ptom s—These include leth
argy, fatigue, tiredness, weakness, anorexia
and lassitude. A general vague backache
may occur which is not related to bony
changes but due to poor muscle tone and
consequent poor support of the spine. Trip
ping and toe dragging can occur. Hyper
tension is now more frequently reported in
hyperparathyroidism. It may be due to the
hypercalciuria or possibly is secondary to
renal damage.

Gastrointestinal.—These symptoms may
be due to decreased tone of the gastroin
testinal tract causing dilatation, dyspepsia,
nausea, vomiting, abdominal pain and con
stipation. Peptic ulcer is now reported in
about 10% o f patients with hyperparathy
roidism; hence, hyperparathyroidism should
be suspected in those patients with duo
denal ulcer whose symptoms resist treat
ment. Wilder, Frame and Haubrich4 and
others believe that hypercalciuria depresses
mucosal protective factors.
In addition, the gastrointestinal changes
are associated with an increased incidence
of acute and chronic pancreatitis and
cholelithiasis.
Central nervous system.—Mental symp
toms vary and include nervousness, irrita
bility, confusion, loss of mental acuity,
amnesia, depression and disorientation.
Transitory attacks of hemiplegia have been
reported. Occasionally acute crises can
occur with extreme restlessness, tachy
cardia, prostration and death.
M a t e r ia l and M ethods

In the 28 years between 1939 and 1967,
28 patients with hyperparathyroidism were
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Fig. 4a
Fig. 4b
Fig. 4.—Radiographs showing (a) bilateral renal calculi and (b) nephrocalcinosis in primary hyper
parathyroidism.

treated at St. Joseph’s Hospital, Toronto.
During the first 17 years of that period
(1939 to 1956), only three such patients
were recognized. During the past 11 years
(1956 to 1967), 25 more patients were
detected. During the past 11 years, there
fore, we have detected two to three such
patients each year reflecting our increased
awareness of the disease. This total in
cludes all patients with primary hyper
parathyroidism diagnosed and treated at
the hospital, but excludes many patients
with secondary hyperparathyroidism result
ing from chronic renal disease, patients
diagnosed here but operated on elsewhere,
and one patient in whom the diagnosis had
been made but who had not been operated
on because of her poor general condition
and because no stones or renal damage
was present.
Between the years 1939 and 1956, the
incidence of hyperparathyroidism was 1/
53,000 admissions. Between 1956 and 1967,
the incidence of hyperparathyroidism was
1/8300 admissions. This again shows the
recent greater accuracy and frequency of
diagnosis.

The incidence of hyperparathyroidism
per hospital admission for kidney and
ureteral stones between 1939 and 1956 was
1/535 cases. Between 1956 and 1967, the
incidence was 1/68 cases. During the past
11 years, 1.5% of our patients with ureteral
and/or kidney stones have had hyperpara
thyroidism.
The age of these patients varied from 23
to 66 years (Table I). They were distrib
uted over these decades with a slight pre
ponderance between 40 and 65. The disease
is usually found at times when the endo
crine glands are most active or changing,
hence is rare before puberty. There were
22 women and 6 men. The female to male
ratio was four to one.
Twenty patients (72%) presented with
TA BLE 1.—A g e

of

28 P a t i e n t s W it h P r im a r y

H y p e r p a r a t h y r o id is m

by

D

23 t o 66)

ecades

( F rom A g e

Years

20 - 2 9 .........................................................
30- 39.........................................................
40 - 4 9 .........................................................
50 - 59 .........................................................
60 - 69.........................................................

Number of
patients

4
5
7
7
5
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i n 28 P a t i e n t s in
D e c r e a s in g O r d e r o f F r e q u e n c y *
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increased urinary calcium excretion—is
almost diagnostic. In practically all our
Number of
patients,
the diagnosis of primary hyper
Symptom
patients Percentage
parathyroidism was made on these three
Urinary calculi.......................
20
72
tests alone without error.
Fatigue and tiredness............
13
46
Serum calcium.—T h e normal serum cal
Nervousness and irritability.
12
43
Skeletal symptoms.................
10
36
cium value is between 9 and 10.5 mg./lOO
Constipation...........................
6
21
ml. Any level above 10 mg. is suspicious
Hypertension..........................
5
18
Mass in neck...........................
1
4
and, if the serum protein is normal, a
repeated
level of 10.5 mg. is generally
*None of these patients had peptic ulcer or pan
significant. At St. Joseph’s Hospital we use
creatitis.
the Clark-Collip method which is per
renal calculi and bouts of renal colic. In
formed in duplicate to an accuracy o f 0.1
eight, the diagnosis was made during the
to 0.2 mg./lOO ml. Blood should be taken
first attack of renal colic; the remainder
under fasting conditions. One normal value
were diagnosed during their second to
does not rule out the disease because
fourth episode.
exacerbations and remissions in hyperpara
Seven (2 5 % ) presented with skeletal
thyroidism cause variations in the serum
symptoms. Four complained chiefly o f back
calcium level. Repeated determinations,
pain; two had painful cysts, and one was
therefore, must be made to detect the
admitted with a pathological fracture of
disease.
the humerus. One woman who had had low
In judging total serum calcium, allow
back pain for 15 years, had visited numer
ance should be made for the protein-bound
ous orthopedic surgeons during that period
portion after measuring the total serum
and her disease was not recognized. The
protein. The elevation of serum calcium in
diagnosis was not made until she developed
multiple myeloma is, in part, accounted
renal calculi. Another had a 10-year history
for by the increase in serum protein, and
of low back pain which followed a fracture
the decreased serum calcium level, seen
of her pelvis. The back pain, however, was
in pancreatitis, burns, and malnutrition, by
entirely different from her acute pain from
the decreased protein level.
the fracture. One patient had had a visible
Serum phosphorus—The normal fasting
and palpable mass in his neck for over 10
level is 3.5 to 4.5 mg./lOO ml. A level of
years. He was one of the first with hyper
3 or 2 mg./lOO ml. or lower is seen in
parathyroidism seen at this hospital; the
hyperparathyroidism. W hen a low serum
true diagnosis was not made until after
phosphorus is accompanied by hypercal
the tumour was removed and examined
cemia, it is quite reliable. However, renal
microscopically. Table II shows the symp
damage with phosphorus retention may
toms in these 28 patients in decreasing
raise the phosphorus level even though
order of frequency.
hyperparathyroidism continues.
Urinary calcium ex cretio n —HypercalciL aboratory I nvestigation and
uria can be measured by the Sukowitch
D iagnosis
test, but this test has its limitations. The cal
cium balance study is a better test and we
At present we have no practical method
use
it on all our patients. A quantitative
for determining the level o f parathyroid
determination of the urinary calcium is
hormone in the blood. The physician will
made while the patient is on a restricted
make the diagnosis of primary hyperpara
calcium diet for at least six days (135 mg.
thyroidism only if he is constantly aware
o f calcium per day). All urine is then col
of the disease and routinely determines
lected for a three-day period on the fourth,
the serum calcium and phosphorus levels
fifth and sixth days and 24-hour urinary cal
on all patients with renal colic, obscure
cium levels are determined. Normally,
skeletal pain, vague general and nervous
urinary excretion of calcium is less than
symptoms, recurrent pancreatitis, and re
current peptic ulcer. The triad—an elevated
100 mg. daily. If the calcium excretion is
serum calcium, low serum phosphorus, and
more than 150 mg. daily, the patient is in
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negative calcium balance and primary hy
perparathyroidism is strongly suspected.
A biochemical analysis of any renal or
ureteral calculi that are recovered is of
diagnostic value. Calcium phosphate stones
are present if the urine is alkaline and cal
cium oxalate stones if the urine is acid.
Serum alkaline phosphatase.—This test is
of no diagnostic value in hyperparathyroid
ism. It is measured routinely but is elevated
only in advanced bone disease.
Special diagnostic tests.—Various tests
such as calcium infusion, phosphorus clear
ance, per cent reabsorbed phosphorus,
phosphate excretion index and phosphorus
deprivation regimens have been used as
diagnostic aids. These were evaluated and
appear to have limitations. It is our con
clusion and that of others5 that accurate
and repeated determination of serum cal
cium is the most simple and the best diag
nostic tool. When combined with a low
serum phosphorus level and a negative
calcium balance, a diagnosis of hyperpara
thyroidism can be made in most cases.
Parathyroid scanning.—External photo
scanning of parathyroid tissue with 75Se
( selenomethionine) is reported to be useful
in preoperative localization of adenomas or
carcinomas.8 The technique identifies soli
tary lesions and diffusely hyperplastic
glands of the chief cell type associated with
hyperparathyroidism, but is not effective in
lesser degrees of hyperplasia. Thyroid tis
sue is first suppressed by triiodothyronine.
Potchen, Wilson and Dealy8 studied 18 pa
tients and found an excellent correlation
with operative findings in 13 and partial
correlation in 1. Other authors have not
been so successful. In our series, we did
such scanning on the last four patients and
obtained good correlation in three.
Other tests done routinely in the investi
gation of primary hyperparathyroidism are
serum protein, blood urea nitrogen and
urinalysis, and radiographs including skele
tal survey, chest, barium swallow and in
travenous pyelogram. The chest film and
barium swallow are done in an attempt to
localize the adenoma. In one of our pa
tients, the parathyroid adenoma was visible
on the routine chest film, but we did not
recognize it before his neck was explored.
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Once the diagnosis is established, the
treatment is surgical. No agent to block the
parathyroid hormone has been discovered.
Radiation therapy, either externally or by
means of a radioactive isotope, is not feas
ible and the presence of carcinoma cannot
be ruled out. Before operation, secondary
hyperparathyroidism must be excluded by
detailed history and renal function studies,
because surgery is contraindicated in this
condition.
The discovery of calcitonin2 may prove
to be a valuable adjunct in treating primary
hyperparathyroidism, especially in tempor
arily reducing the serum calcium to normal
levels when preparing patients for opera
tion, or in treating an acute hypercalcemic
episode. Other possible uses for the hor
mone may be in the treatment of osteo
porosis or hypercalcemia secondary to ma
lignant disease, since it inhibits bone re
sorption and promotes positive calcium bal
ance.
There are usually four parathyroid
glands, two inferior and two superior; occa
sionally five glands are encountered. Re
ports have described anywhere from 1 to 10
glands, which may not be symmetrically
arranged. The average size of each gland is
3 x 2 x 1 mm.; they are yellowish brown.
The shape varies depending on the sur
rounding structures; their location is also
variable.
The upper glands are easier to find be
cause their positions are more constant.
They arise from the fourth branchial cleft
in association with lateral thyroid tissue; on
occasion, they are imbedded in thyroid tis
sue. They are usually found on the pos
terior aspect of the thyroid gland at the
junction of the middle and the lower third,
on a plane posterior to the inferior thyroid
artery and the recurrent laryngeal nerve—at
the level of the cricoid cartilage. During
their embryological descent, the glands
take a vascular pedicle with them.
The lower glands are smaller and more
variable in position, consequently they are
more difficult to find. They arise from the
third branchial cleft in association with the
thymus gland and often descend with it;
for this reason, they are often found within
the thymic capsule in the mediastinum.
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Fig. 5b
Fig. 5.—At operation for primary hyperpara
thyroidism. (a) Right inferior parathyroid ade
noma. (b) Appearance of the neck and mediasti
num following dissection with removal of the
adenoma and thymus gland.

They usually lie behind the inferior pole of
the thyroid, anterior to the inferior thyroid
artery and the recurrent laryngeal nerve.
Because they vary in number, location,
size, shape and colour, parathyroid glands
are often difficult to identify at operation
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and difficult to differentiate from fat, lymph
nodes and lobules of thyroid tissue. There
fore, during the operation, the surgeon
works in close association with the patholo
gist. Quick sections are performed with
out hesitation on any suspicious nodules
to identify parathyroid tissue and the type
of pathology present.
The operation is done under general an
esthesia by a surgeon who has had con
siderable experience in neck surgery, who
has a detailed knowledge of the embryol
ogy, anatomy, physiology, and pathology
of the parathyroid glands. The dissection
must be meticulous and systematic in a
bloodless field. The responsibility for cur
ing this potentially fatal disease rests with
the surgeon who carries out the first ex
ploration, because hemorrhage and fibrosis
may so obscure the field that identification
of the glands may be impossible at subse
quent operation.
The neck is first explored through a gen
erous thyroidectomy incision, often facili
tated by division of the strap muscles (Fig.
5 ). The four parathyroid glands are identi
fied and examined. Even if an adenoma is
found and removed, the surgeon should in
spect the other three glands, because mul
tiple adenomas may be present. If there is
hyperplasia of all four glands he removes
three glands in total and resects the fourth
subtotally. If the fourth gland is small, it
may be left intact. When a parathyroid
carcinoma is found, the mass must be care
fully dissected to prevent rupture of the
capsule and implantation of tumour cells.
If there is pathological proof of lymph-node
metastasis, a radical neck dissection is per
formed.
A problem arises when the neck is ex
plored and the cause of the disease is not
determined. The surgeon then undertakes
a more careful dissection of the entire neck
from well above the thyroid gland ( as high
as the submaxillary triangle) to as low as the
finger can palpate in the mediastinum, pay
ing attention to the areas of the carotid
sheaths, and paratracheal and esophageal
areas. Particular attention is paid to any
cervical prolongation of the thymus gland
which may house an adenoma. The final
step in the cervical dissection is to examine
the thyroid lobes for intrathyroid adenoma.
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If the cause of the disease is still not
found, mediastinal exploration is under
taken through a vertical sternotomy which
allows dissection between the pleurae from
the root of the neck to the upper limits of
the pericardium. Thymectomy may have to
be performed to remove possible intrathymic parathyroid tissue and to explore the
region o f the great veins lying behind the
thymus.
In our series, we performed 32 operations
on these 28 patients. Tw o of the patients
were operated on twice and one patient
was operated on three times. Of the 32 op
erations, 27 were explorations of the neck
alone, and 5 were explorations of the
neck combined with dissection of the su
perior mediastinum. Parathyroid disease
was found at each of the 32 operations.
P a t h o lo g y

4

Primary hyperparathyroidism is due to
an adenoma, primary hyperplasia, or car
cinoma of the parathyroid glands.

Adenoma
Ninety per cent of patients with primary
hyperparathyroidism have adenomas. The
tumours are multiple in 5% to 10% and
are located in aberrant positions in 10%,
mainly in the mediastinum.
The adenomas vary in shape but are
most often ellipsoidal, smooth and encap
sulated. They are soft, but their consistency
may b e altered by capsular and septal fi
brosis. Calcification or hemorrhage and cyst
formation can occur. They are reddish
brown—darker than the normal gland be
cause o f the relative absence of fat and the
compact structure of the adenoma. The cut
surface is moist, homogeneous and varies
from yellow to reddish brown (Fig. 6 ).
There is much confusion concerning the
histology of the adenoma. Castleman7 be
lieves that only one cell type, the chief cell,
exists and that all other apparent cell types
represent variations in the life cycle of the
chief cell. According to his view, the waterclear cell ( wasserhelle ce ll) is a hyperfunc
tioning chief cell with a more vacuolated
cytoplasm, while the oxyphilic cell is an
Fig. 6.—(a) External and (b) cut surface of large
parathyroid adenoma, (c) T w o adenomas removed
from the same patient.

4

1 CM .

1
Fig. 6c

January 1969

ORIGINAL A RTIC LE

SWLflKy
V,W ♦»,
4%
*
A.

•r:*'- V v
I*
*W
5#fcj
' u x

:>r:

t ‘ i

f.v-

^ r- l

*t * .** V r; »«>,
*t x* *
v ',>>
■**’ «*>^* ; ,*»
I v» *„
« \, li#
* **
.
,.i

.»■ ^
,*f“" f» *t‘; i*/
‘ . ** ■*
."
:
'V .'
•
*
♦ *’ * * • v
*•■'••* ' / •*

%

•

.

* T

%

* t &

&

> ■
-■

v *', } *•“
.
', * v ,
f , *'*»

V.’ * f» i *» *
* -d **•»•“
«V„v
/•* J f
4 ’■••.}

113

V *i

k> ..j^ , r

5-;" 'n

-

*

j*S

£&
I**1 *•. a
*• *_n* X >
» * *»

i «*
V •»
*« * * *«*v* * * * !% *# #
r
F# *m
* y
*•*'),<- '. A f J t i
n *•* #a*. *¥#*»
iT
* * * *%f ##'
i
V£/
if* *• •- a
- v *
»-< > .:&
f t* V'4
.
, ■f iT #*V
'|# *j 4•%
,r •^
■,W. . . * *, 1’ **, t
■;*
45^, ■*** * ‘.»
.
^ ' **V
fcA? if*/
• ^ -'V
;ju
*1
' L-. * ** .. * .*.» '4**J • *
F--^ ...«j \*
»
.<C, C i *
Fig. 7c

I
%

»

i 8

S

r

i ^

T

*

Fig. 7d

Fig. 7.—Photomicrographs in primary hyperparathyroidism, (a) Normal parathyroid gland, (b)
Chief cell adenoma, (c) Oxyphilic adenoma, (d) Hyperplasia of a parathyroid gland.

involuted non-functioning chief cell. Most
adenomas consist of chief cells, with or
without varying numbers of wasserhelle
cells. An adenoma is rarely composed solely
of wasserhelle cells and even more rarely
of oxyphilic cells (Fig. 7).
Hyperplasia of Parathyroid Glands

Hyperplasia accounts for about 8% of
primary hyperparathyroidism. All glands

are enlarged, soft, dark brown, encapsul
ated and irregularly shaped, often with
pseudopod-like projections. The superior
glands are almost invariably larger than the
inferior glands.
Usually, on microscopic examination,
only wasserhelle cells are found; they vary
in their arrangement from broad sheets to
acini (Fig. 7 ). There is nearly always some
degree of cell membrane degeneration and
cyst formation. Occasionally there is chief
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cell hyperplasia which may be mistaken for
an adenoma.
Carcinoma of Parathyroid Glands
This rare lesion accounts for less than
2% of all cases of primary hyperparathy
roidism. Microscopically, the distinction
between carcinoma and adenoma is usually
uncertain and, in this situation, both the
gross and microscopic findings must be con
sidered. Carcinomas are generally larger
and more frequently palpable than aden
omas. They are surrounded by a fibrous
tissue reaction, as if an inflammatory pro
cess had occurred. The diagnosis is based
on local findings of invasion at the time of
operation, on evidence of metastasis to re
gional lymph nodes and other organs, and
on the subsequent course of the disease.
P athological F indings

in

O ur Series

Twenty-six patients had one or more
adenomas: a total of 32 were removed. One
patient had three adenomas and required
three operations. A second patient had
three adenomas which were removed at
two operations. A third had two adenomas
which were removed at a single operation.
In this series, 15% of the patients had
multiple adenomas. Two of the 28 patients
had parathyroid hyperplasia. Carcinoma of
the parathyroid glands was not encoun
tered.
The adenomas varied from 0.8 to 3.5 cm.
in diameter; the average diameter was 1 to
2 cm. The site of the adenomas was as
follow s: 91 % were found in the neck—right
inferior in 13 cases (41% ), left inferior in
7 cases ( 2 2 % ) , left superior in 6 ( 1 9 % ) ,
and right superior in 3 cases (9 % ). Three
adenomas (9 % ) were found in the media
stinum. One right superior adenoma was
actually intrathyroid, imbedded within the
right lobe. Another right inferior adenoma
was found lateral and posterior to the caro
tid sheath.
P ostoperative C omplications

Five of 28 patients developed hypopara
thyroidism with tetany. In three, the symp
tom was mild, requiring no treatment. Two
with more severe tetany required intraven
ous calcium in hospital and subsequent oral
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calcium and vitamin D after discharge.
Symptoms of tetany usually occurred be
tween the second and fifth postoperative
days, with numbness, tingling and stiffness
of the hands and feet. In the two more se
vere cases there was muscle twitching and
the Chvostek and Trousseau signs were
positive. Laryngeal obstruction was not en
countered.
One patient had pulmonary embolism
on the eighth postoperative day and died.
Another, who developed atelectasis and
pneumonitis responded to breathing exer
cises and antibiotics.
A keloid formed in the sternotomy scar
in one young woman. It was excised later
for cosmetic reasons.
R esults

of

T reatment

Twenty-five of the 28 patients were
cured. Their calcium and phosphorus levels
returned to normal and have remained nor
mal on follow-up from 10 months to 11
years. These patients had no further bouts
of renal colic. Skeletal symptoms dis
appeared or were greatly improved, and
pathological fractures and cysts healed.
As noted above, one patient died of pul
monary embolism on the eighth day after
her second neck exploration.
One patient continues to have persistent
low-grade hyperparathyroidism which is
manifested by elevated serum calcium lev
els. He has already undergone three ex
plorations of the neck and one exploration
of the mediastinum, during which three
proven adenomas were removed. One
adenoma was found in the mediastinum,
one within the right lobe of the thyroid
gland, and one on the left side of the neck.
The fourth parathyroid gland was identi
fied at the last operation and, on gross
appearance and biopsy, was considered to
be normal. Presently, five years after his
last operation, he has no symptoms and
parathyroid scanning shows no evidence
of another adenoma. He is being observed
carefully at regular intervals and we con
template no further treatment at present.
One patient developed hypoparathyroid
ism and was sent home on 50,000 units of
vitamin D daily and calcium gluconate 10
grains twice daily. Because she did not re-
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turn to her family doctor as instructed and
remained on this medication for five years,
she was readmitted to St. Joseph’s Hospital
suffering from vitamin D intoxication with
hypercalcemia, bilateral renal calculi and
nephrocalcinosis, uremia, chronic pyelo
nephritis and anemia.
Summary and C onclusions
Twenty-eight patients with primary
hyperparathyroidism, diagnosed and treat
ed at St. Joseph’s Hospital, Toronto from
1939 to 1967, have been studied with regard
to sex, age, symptoms, investigation, treat
ment, pathology, postoperative complica
tions and results. Twenty-five were cured,
one died postoperatively of pulmonary
embolism, one has persisting low-grade hy
perparathyroidism, and one developed
hypoparathyroidism with subsequent hypervitaminosis D due to excess intake of
vitamin D and calcium.
An increase in the diagnosis of this po
tentially fatal, but curable condition, de
pends upon an increased awareness of this
disease among all physicians, because the
symptoms and signs are varied and numer
ous, and involve many systems. Routine
repeated serum calcium and phosphorus
levels should be obtained in all patients
with renal colic, unexplained skeletal pain,
vague neurological and general symptoms,
and chronic gastrointestinal disorders.
In spite of the availability of more com
plicated, time-consuming tests, the most
reliable and accurate method of diagnosis
is accurate repeated serum calcium levels
obtained from a high-quality laboratory,
especially if these are associated with low
serum phosphorus levels and a negative cal
cium balance study.
Once the diagnosis has been made, the
parathyroid glands can be scanned in an
attempt to localize the site of the adenoma
before the neck is explored.
The author wishes to express his appreciation to
Drs. R. Volpe and T. A. Bayley for medical in
vestigations carried out in these patients, to Dr.
R. J. Galloway for his assistance at operation and
the opportunity of including his cases in this re
view. I would also like to thank Dr. L. S. Mautner
for the photomicrographs and the Department of
Photography of St. Joseph’s Hospital, Toronto for
the prints.
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Resume
Au corns des annees allant de 1939 a 1967, 28
malades souffrant d’hyperparathyro'idie primaire
ont ete diagnostiques et traites au St. Joseph’s
Hospital de Toronto. L ’auteur passe ces cas en
revue en tenant compte du sexe, de l’age, des
symptomes, du traitement, de la pathologie, des
complications post-operatoires et des resultats
acquis. Vingt-cinq de ces malades ont gueri, un
est mort d’embolie pulmonaire apres 1’operation,
un autre continuait de presenter une faible hyperparathyroidie et un dernier presentait une hypoparathyroldie avec hypervitaminose D subsequente, qui etait attribuable a un apport exogene
excessif de vitamine D et de calcium.
On ne peut ameliorer la precision du diagnostic
de cette pathologie qui est curable, mais risque
d’etre fatale, qu’a la condition que tous les medecins appeles a la soigner soient extremement
conscients de son existence possible et tiennent
compte de ses signes et symptomes qui sont nombreux, variables et affectent de nombreux systemes organiques. II importe notamment de proceder frequemment a des calcemies et des
phosphoremies chez tous les malades qui presentent des symptomes generaux vagues, non
diagnostiques, des modifications neurologiques et
des troubles digestifs chroniques.
De frequents dosages du calcium serique, surtout dans les cas ou ces calcemies accompagnent
des phosphoremies faibles et un bilan calcique
negatif, si ces analyses sont bien faites par un
laboratoire serieux, demeurent les bases les plus
sures du diagnostic, en depit de l’existence
d’epreuves de laboratoire plus compliquees et
plus longues.
Une fois pose le diagnostic, on peut proceder a
une scintigraphie des glandes parathyroidiennes,
en vue d’essayer de preciser le siege de l’adenome
avant de l’operer.
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PROLAPSE OF THE RECTUM : TREATMENT BY THE
MOSCHCOWITZ-GRAHAM OPERATION0
J. A. PALM ER, M.D., F.R .C .S .[C ], F.A .C.S., Toronto, Ont.

O ver the centuries, prolapse of the rectum
or, as it was known in forthright medieval
English, “falling down of the arsegut”, has
been the subject of numerous articles. Early
remedies have been replaced by a variety
of operations, each in its turn enthusiastic
ally endorsed, but soon abandoned because
prolapse recurred. Many of these pro
cedures ignored basic anatomical defects
and recurrence was to be expected. How
ever, even in the few relatively effective
operations, in which the anatomical defects
are repaired, some of the etiological factors
affecting the bowel itself, which are men
tioned below, may persist and lead to re
currence.

abnormally mobile and has acquired a
mesentery to the level of the anorectal ring.
The pelvic diaphragm, upon which the rec
tum lies after leaving the sacral curve, be
comes lax, loses its horizontal position and
becomes more oblique. The rectum, which
has lost its sacrococcygeal curve, can intussuscept vertically downwards through
the levator hiatus.2, 3 The abnormal position
of the rectum and its vertical descent can
be demonstrated by cinefluoroscopy.

Pelvic Diaphragm

Prolapse of the rectum is commonly as
sociated with pelvic muscular weakness,
which may be extreme, with downward
bulging of the perineum on straining. The
E t io l o g ic a l F actors
lax atrophic levator ani, which is obvious
Rectal prolapse is due to one or more of at operation, may make repair difficult. The
the following anatomical defects: an ab anal canal may be patulous, and the con
normally deep peritoneal pouch between traction of the sphincter weak.
bladder and rectum which may be either
Few patients with prolapse have demon
congenital or acquired, failure of the sup strable neurological disease. However, pro
porting ligaments of the rectum, or atony lapse may develop in cauda equina lesions4
or weakness of the pelvic diaphragm.
in which the pelvic diaphragm and the ex
ternal sphincter are paralyzed, but is not
seen in spastic paraplegia because reflex
Abnormal Peritoneal Pouch of Douglas
Moschcowitz,1 in 1912, drew attention to muscle contraction of the pelvic diaphragm
the deep peritoneal pouch that is always persists.
Porter,5 who studied the pelvic muscu
present in prolapse. It separates the rectum
lature
in prolapse by electromyography,
from the posterior wall of the vagina or
demonstrated
muscle weakness which pro
prostate and displaces it posteriorly. This
gressed
to
extreme
laxity and atony. Ab
pouch may be the result of progressive
normal
bowel
function,
which involved ex
weakness and loss of the usual rectal at
cessive
straining
at
stool
and rectal over
tachments rather than a pre-existing ana
tomical defect which leads to prolapse. loading, was associated with abnormally
Moschcowitz, who correctly viewed pro easy and prolonged inhibition of the pelvic
lapse as a sliding hernia, stressed the im floor muscles. With persistence of these
portance of obliterating the peritoneal sac inhibitory influences, a gradual and pro
and repairing the defect in the levator ani gressive deterioration in reflex tone of the
pelvic muscles develops with progressive
through which the rectum had herniated.
stretching, weakening and eventual pro
lapse. The actual prolapse of rectum
Rectal Attachments
through the anal canal further inhibits the
In patients with prolapse, the rectum has pelvic muscles and causes a direct stretch
lost its usual fixation to the sacrum, is ing of the levator hiatus and weakening of
the sphincter mechanism. Porter concluded
"From the Department of Surgery, University of
that the most important etiologic factor in
Toronto, and the Toronto General Hospital, Tor
prolapse is “progressive muscular failure to
onto, Ont.
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which reflex inhibition appears to be the
key” .
O’Carroll0 and Todd7’ 8 have demon
strated that rectal sensation in rectal pro
lapse is reduced and inadequate. They in
serted a balloon attached to a sphygmo
manometer into the lower 5 to 7 cm. of the
rectum and inflated it slowly with known
volumes. In rectal prolapse, the volume and
pressure necessary to promote an increase
in rectal tone, and thus sensation, were
considerably increased. A sensory defect
within the wall of the rectum may explain
the lack of normal reflex activity of the
rectum and pelvic muscles, but the nature
of the sensory defect remains obscure. It
may be related to long-standing abnormali
ties of bowel habit with intermittent dis
tension of the rectum, and eventual loss of
normal tone.
T reatm ent

Lessons can be learned from the many
operations that have been unsuccessful. If
only one of the three basic anatomical de
fects is repaired, recurrence is usual. The
Moschcowitz operation, as it was com
monly practised, in which only the peri
toneal pouch was obliterated, was unsuc
cessful. The Lockhart-Mummery opera
tion, in which the rectum was fixed to the
sacrum by temporarily packing the rectosacral space, failed in almost all instances.
The same fate may await those repaired
by Ripstein’s operation in which a Teflon
sling fixes the rectum to the sacrum.
Excision of the prolapsed rectum ( rectosigmoidectomy) has been popular. In 150
patients treated by this method at St.
Mark’s Hospital, London, Hughes9 found
that the lesion recurred in 60% , that 46%
were incontinent, and that only 14% had
a good result. This operation may further
impair rectal sensation. With the exception
of the Thiersch wire procedure, all perineal
repairs are inadequate.
The greatest success has followed opera
tions in which the peritoneal pouch has
been excised, the pelvic musculature re
paired or reinforced with fascia or poly
vinyl alcohol sponge (Ivalon) and the rec
tum reattached to the sacrum. That pro
lapse may still recur is probably due to the
difficulty of repairing atrophic stretched
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muscles, and their continued failure to func
tion. Probably the “effective” operations
should be complemented by physiothera
peutic attempts to re-educate and strength
en the pelvic muscles, with careful control
of bowel function to avoid rectal disten
sion, constipation and straining.
O pe ra tio n s to C onsider

Anterior Resection
Muir2, 3 recommends anterior resection of
the rectum for prolapse, provided the pa
tient is fit for an abdominal operation. An
terior resection removes all rectal slack,
produces a fibrotic adherence of the anas
tomosis to the sacrum, and is combined
with excision of the peritoneal pouch. He
stresses the necessity of mobilizing the
rectum to the levator ani, and making the
anastomosis low. In 48 patients treated by
this method, he had no recurrences. Porter5
described an additional 13 such patients
with 1 recurrence. At the Toronto General
Hospital, we did anterior resections in
three patients with no recurrences. The
disadvantages of this approach are the risk
of anastomotic leak and the danger of a
further loss o f rectal sensation due to the
low anastomosis. Although this procedure
appeals to the surgeon because it is fa
miliar, if used at all it should be reserved
for the younger patient who can withstand
complications, and who has a relatively
normal sphincter.

Procedures Using Plastic Materials
Schofield,10 who investigated the reaction
of tissues to Ivalon, recommended that it
be used to repair large hernias. Despite a
report11 that sarcoma developed at the
edges of this material when buried in rats,
malignant disease has not been reported
in man in the 15 years in which it has been
used. W ood12 studied the behaviour of
polyvinyl sponge embedded in the tissues
of rats, dogs and humans. In animals, the
sponge thinned out and disintegrated into
islets of plastic lying in fibrous tissue. Giant
cells could b e seen actively removing the
sponge. In humans, the sponge persists in
the tissues for about 12 months; after about
18 months it fragments and in one patient
after two years, no sponge could be found
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Fig. la

Fig. lb

Fig. lc
Fig. Id
Fig. 1.—Mobilization of the rectum and placement of the Ivalon sponge. (Reproduced by
permission from Sir Clifford Naughton Morgan and the Department of Medical Illustration, St.
Bartholomew’s Hospital, London, England.)

although the scar had a greenish tinge. It
is probable that the beneficial effects of this
material, if any, are temporary and are due
to the associated fibrosis. I have observed
that fascia and dermis meet a similar
fate when used to repair tissue defects; at
subsequent operation, all that remained was

fibrous tissue, usually thin and attenuated.
In 1955, Wells used Ivalon to repair rec
tal prolapse. In 1962, Wells13 and Morgan14
described 52 patients treated by this me
thod: the peritoneal sac was excised, and
the rectum mobilized and sutured to a piece
of partially encircling polyvinyl sponge
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which was then secured to the sacrum
(Fig. 1). Two of these patients died from
causes unrelated to this method and in one
the prolapse recurred. Since then, Morgan13
has treated an additional 100 patients with
out further operative mortality or recur
rence. Postoperative cinefluoroscopic stud
ies show a normal anorectal angle and
fixation of the rectum in a normal position.
In 1965, Ripstein16 described an operation
in which the rectum is not mobilized but
secured to the sacrum by a T-shaped Tef
lon sling (Fig. 2 ). The peritoneal sac is

TU.
Teflon mesh sling

Sacral
promontory

foscia

Fig. 2a

Fig. 2b
Fig. 2.—(a) A Teflon mesh sling is sutured to
the presacrai fascia; the rectum is encircled and
fixed to the hollow of the sacrum, (b) Lateral
view of the completed repair. (Reproduced by
permission from Ripstein, C. B.: Surgical care of
massive rectal prolapse, Dis. Colon Rectum, 8:
34, 1965.)
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not excised and the levator hiatus is not
repaired.
As yet, neither of these operations can be
properly assessed. Probably the Ivalon
sponge method will effectively prevent
prolapse. The peritoneal sac is excised and
the rectum is securely fixed to the sacrum.
The operation has been modified by sutur
ing the plastic material to the posterior
vaginal wall so as to strengthen the pelvic
diaphragm. The claim that this procedure
is easier to perform than the MoschcowitzGraham operation is questionable and many
surgeons will be reluctant to bury this
amount of foreign material in the region of
the rectum and ureters.
For the present, the Ripstein procedure
should be considered experimental because
it is most unlikely that a simple sling will
be adequate to correct this complex defect
permanently. If it should prove successful,
however, its simplicity would make it the
procedure of choice.
The M oschcowitz-Graham O peration
Roscoe Graham described his operation in
1942.17 Having reviewed Graham’s papers
and hospital records, I have no doubt that
this procedure is a modification of Moschcowitz’s original operation. Moschcowitz
described it in these terms: “Silk sutures
are passed circularly around the cul d e sac
of Douglas and tied . . . until practically
the entire pouch of Douglas is obliterated.
It is advisable, and I always try to include
in my suture the pelvic fascia, particularly
that part which covers the levator ani; how
often I really succeed in doing this I am
not in a position to state. Theoretically it
would be better to split the peritoneum in
the depth of the cul de sac, and to suture
the fascia first.”
Graham extended the procedure that
Moschcowitz had proposed as ideal in 1912.
He opened the peritoneal sac, identified
the ureters, and approximated the medial
borders of the levator ani and its fascia in
front of the rectum. The redundant portion
of the peritoneal sac was excised and closed
at a higher, more normal level.
Since 1939, the procedure most fre
quently used at the Toronto General Hos
pital has been the Moschcowitz-Graham
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operation.18 It has been modified in two
ways only; the rectum is completely mobi
lized, and is carefully fixed to the presacral fascia by interrupted non-absorbable
sutures. Forty-two patients have been
treated by this method and followed for
as long as 28 years without recurrence.
Goligher19 used the Moschcowitz-Graham
operation in 43 patients with 4 recurrences.
He and Friedman20 emphasized the im
portance of mobilization of the rectum
but did not stress the reattachment of
rectum to the levator hiatus and presacral
fascia. Snellman21 also used this method
and reported 5 recurrences in 42 patients
followed up to 10 years. To this group can
be added 45 patients that Ripstein and
Lanter treated by this method,22 modified
by the addition of a fascial patch which
they applied anteriorly and around the
rectum: they had no recurrences. These
172 patients have been treated by an
operation essentially similar to that de
scribed by Graham; the recurrence rate
was approximately 5% .

one-half
perianal
anus. A
used to
stainless
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inch in length are made in the
skin, in front of and behind the
large non-cutting needle is then
encircle the anus with a No. 22
steel wire (Fig. 3 ). This wire

Sigmoid Colostomy

In 1956, Mills and Lawler23 described a
method of treatment that warrants further
consideration. They excised the peritoneal
sac, mobilized the rectosigmoid and sus
pended it by a sigmoid colostomy. The
colostomy was closed in three to six months.
By this means they obliterated the peri
toneal sac and, with the colostomy, gained
a degree of rectosigmoid fixation. The
main advantage of the procedure is that it
rests the rectum, allows it to contract and
the sphincters to regain their tone, because
they are no longer reflexly inhibited. How
ever, it requires a two-stage procedure and
the colostomy is inconvenient. Using this
method, they treated eight patients and
followed them from one to nine years;
there were no recurrences and all had
normal sphincter control.
Thiersch W ire Operation

In 1948, Gabriel24 revived the Thiersch
circumanal wiring, a simple procedure that
gives the old and feeble patient excellent
palliation. In this procedure a short general
anesthetic is necessary. Radial incisions

Fig. 3.—The Thiersch operation. A No. 22 steel
wire is passed circularly around the anus and tied
loosely over the index finger.

should be embedded deeply under the skin
and outside the sphincter muscles. The
wire is tightened onto a finger and tied
by a square knot. The complications of
this procedure are fecal impaction, and
breakage of the wire which usually occurs
within 6 to 18 months. However, a new
wire can be put in place. While it is intact,
the wire provides good palliation and im
proves sphincter control.
C h o ic e o f O pe k a tio n

An abdominal operation is needed, if
rectal prolapse is to be cured. In my
opinion, the Moschcowitz-Graham pro
cedure deserves to be the accepted opera
tion. With minor modification, it has given
excellent results for a longer time than any
other operation. The addition of plastic
materials or fascia to this repair is unneces
sary.
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T he M o sc h c o w itz -G r a h a m O p e r a t io n :
O perative T echnique

The operation we now perform at the
Toronto General Hospital is essentially the
same as that described by Graham. We
emphasize the thorough mobilization of the
rectum and its careful reattachment to the
pelvic diaphragm and sacrum by non
absorbable sutures. The abdomen is opened
through a paramedian incision extending
to the pubis. As Moschcowitz pointed out,
the most remarkable finding is the narrow,
deep rectovaginal or rectovesical pouch.
This pouch, which is redundant peritoneum,
opens up the rectovaginal septum and
extends to the pelvic diaphragm.
The peritoneum is incised laterally along
the margins of the pouch. Both ureters are
identified and followed distally. The peri
toneal incision is then extended anteriorly
—in women, along the posterior surface
of the cervix; in men, along the base of
the bladder.
The rectum is then mobilized as for a
low anterior resection. In these patients the
rectum is unusually mobile, and the mesorectum has acquired a peritoneal invest
ment, similar to that of the sigmoid, which
extends to the level of the sacrococcygeal
junction. The space between rectum and
sacrum is avascular and should be opened
up without injury to the presacral nerves.
The lateral supporting ligaments of the
rectum may be divided, if this is necessary
to give adequate exposure. However, in
long-standing prolapse, these ligaments
may be greatly atrophied and can be left
intact. The levator ani muscles and asso
ciated fascial tissues lying anterolaterally
to the rectum are then assessed. The aim
of the repair is to approximate the puborectalis and its fascia anteriorly to the
rectum to effectively narrow the levator
hiatus, leaving just enough space for the
rectum. Theoretically, it would be anato
mically correct to reattach the lower rectum
to the vagina and cervix anteriorly, and to
approximate the puborectalis posteriorly to
the rectum. However, this is difficult to do.
It is not necessary to dissect out and
clearly define the puborectalis muscle. The
emphasis on this phase of the operation
has contributed to the sense of technical
dissatisfaction with the operation and has
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given it the reputation of being difficult.
All that is required is to approximate, in
front of the rectum, all available musculofascial tissue using four or five large firm
bites of a medium curved Mayo needle,
and non-absorbable 00 silk sutures (Fig. 4).

Fig. 4.—Diagram showing the approximation of
musculofascial tissue in front of the rectum. Four
or five sutures are usually required.

The rectum is then sutured to the new
levator hiatus by interrupted seromuscular
000 silk sutures. In the next step, the rec
tum is drawn taut and carefully sutured
to the presacral fascia by multiple inter
rupted silk sutures (Fig. 5 ). W e believe
that a secure rectosacral fixation can be
accomplished without using plastic material
that could cause excessive fibrosis or b e 
come a maj'or problem should sepsis occur.
The peritoneum anteriorly and laterally
is then approximated to form a new peri
toneal floor at a normal level. The area is
drained with an extraperitoneal drain.
R ec ta l I n co n tin e n c e

One-third to one-half of patients with
rectal prolapse have impaired anal sphinc
ter control. Rectal incontinence was present
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Fig. 5.—(A) Lateral view of sutures in the puborectalis muscle. (B) The sutures attaching the
rectum to the levator hiatus. (C) The repair is completed by multiple silk sutures attaching the
rectum to the presacral fascia. The excess peritoneum is excised and closed.

preoperatively in 13 of our 42 patients
treated by the Moschcowitz-Graham oper
ation. Incontinence is more common in
the elderly and there is good reason to
believe that, before prolapse, the sphincter
was lax and that this contributed to even
tual prolapse. Incontinence is less common
in the young patient and is seen only in
those who have had frequent or almost
continual prolapse for a year or more. Of
the 13 patients with incontinence treated
by the Moschcowitz-Graham operation, 8
regained normal or near-normal control; the
others remained the same or showed mod
erate improvement. The eight who returned
to normal were all 50 years of age or
younger. The older patients had a less
satisfactory return of function.
The Ivalon sponge and Teflon sling
methods would be expected to give similar
results. Age of the patient is a more impor
tant factor in assessing the likelihood of
return to control than the choice of opera
tion, provided there is no recurrence and
that part of the rectum is not excised. Any
operation that removes a portion of rectum
which already had defective sensation will
increase the degree of incontinence. For
this reason, a low anterior resection and
rectosigmoidectomy should be avoided.
The operation of Mills and Lawler (the
rectum is rested by sigmoid colostomy and
the sphincters are given an opportunity to
regain tone) may be worth considering in
the elderly patient, if prolapse is associated
with complete incontinence.
Sphincteroplasties are of little value.
Plication or partial excision of stretched

inactive muscle fibres do not improve con
trol. The insertion of other muscles foreign
to the area, such as gracilis, is useless; they
cannot be retrained to function properly.
However, as an adjuvant procedure to the
abdominal repair, the Thiersch operation
may be worth while because it narrows
the anal canal and may allow the sphincter
to regain some of its tone.
The solution to the problem of incon
tinence probably will be physiotherapy
designed to re-educate and strengthen the
pelvic muscles. Although of limited success
to date, better methods including electro
therapy, may yet prove worth while.
C onclusions

Prolapse of the rectum is probably due
to progressive muscular weakness of the
pelvic diaphragm, and the associated
stretching of its fascial components and the
supporting attachments of the rectum.
Eventually the rectum intussuscepts verti
cally through a lax anal canal. The deep
peritoneal pouch is probably acquired and,
with protrusion of the rectum, becomes the
sac of a sliding hernia.
The anatomical defects that accompany
prolapse can be surgically repaired, but
function may not be restored. Thus, rectal
sensation may remain impaired, sphincter
control inadequate, the pelvic musculature
reflexly inhibited and prolapse may recur.
Of the many operations designed to re
pair rectal prolapse, the MoschcowitzGraham procedure has given satisfactory
results to more patients over a longer
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period than other methods. It is recom
mended as the best operation for those
who are able to withstand an abdominal
operation.
The Thiersch operation provides pallia
tion for the old and feeble, and may be a
valuable adjunct to abdominal repair when
incontinence accompanies prolapse.
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R esu m e
Le prolapsus du rectum est probablement
attribuable a une faiblesse musculaire progressive
du diaphragme pelvien et a retirement concomi
tant de ses fascia et des attaches de soutien du
rectum. En fin de compte, le rectum s’invagine
verticalement dans un conduit anal relache. Le
sac peritoneal est probablement acquis et, sous
I’influence de la protrusion du rectum, devient le
sac d’une hernie coulissante.
On peut reparer chirurgicalement Ies defauts
anatomiques qui accompagnent le prolapsus mais
i! est impossible de retablir la fonction. La sensa
tion rectale peut demeurer troublee, la maitrise du
sphincter est insuffisante, la musculature pelvienne
est inhibee par voie reflexe et le prolapsus peut
recidiver.
Parmi les nombreuses operations preconisees
nour corriger le prolapsus rectal, l’operation de
Moschcowitz-Graham a permis d’obtenir des resultats satisfaisants chez un plus grand nombre
de malades pendant des periodes plus longues que
les autres types d’infervention. Cette technique
est consideree comme la meilleure, du moins pour
les candidats qui peuvent subir une operation
abdominale.
Ouant a l’operation de Thiersch, elle est con
sideree comme palliative pour les malades ages et
faibles et pent constituer un adjuvant utile de la
correction abdominale dans le cas ou l’incontinence
coexiste avec le prolapsus.
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SURVIVAL AFTER OBSTRUCTION OF THE COLON BY CARCINOMA8
NEIL A. W ATTERS, M.D., F.R.C.S.JC], F.A.C.S., Toronto, Ont.

Patients with carcinoma of the colon caus
ing intestinal obstruction have been said
to have much less chance for long-term sur
vival than those with carcinoma of the
colon treated before obstruction has
occurred.1, 2
This poor prognosis might be explained
in part by a higher operative mortality rate
in the patients with obstruction, since they
are acutely ill at the time of their emergen
cy treatment.3 Further, it has been sug
gested that the obstructing colon carci
noma, having been present for a longer
period, has had a greater opportunity to
metastasize, and that with increased peri
stalsis more tumour cells are liberated into
the blood stream and lymphatics.
It is my impression, however, that pa
tients with obstruction do just as well as
those who are not obstructed, in terms of
immediate and also long-term survival.
Three hundred and forty-tbree patients, all

TA BL E I.— C olon and R ec tu m C arcinomas
1949 - 1902
Number of
patients
343........................

Obstructed

N on-obstructed

84
259
Female : Male Female : Male
1.8 : 1
1.3 : 1

those with colon and rectal carcinomas who
were admitted to the Wellesley Hospital,
Toronto, between 1949 and 1962, were
studied to determine whether those pa
tients with obstruction had a prognosis
similar to that of other patients with carci
noma of the colon.

The Series
Of these 343 patients, 84 (24.5% ) were
admitted in acute obstruction with abdomi
nal distension: they passed no stool Or gas
per anum.
Women outnumbered men in both the

Fig. 1.—Age distribution in patients with colon and rectum carcinomas at the Wellesley
Hospital.
"From the Department of Surgery, University of
Toronto, and the Wellesley Hospital, Toronto,
Ont.

obstructed and non-obstructed groups. This
female preponderance was somewhat great
er in the obstructed group (Table I). This
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probably reflects the fact that most rectal
tumours do not cause obstruction, and that
rectal tumours are more common in men.
Those with obstruction were somewhat
older than those without obstruction (Fig.
1). Obstructing carcinoma was most fre
quent in patients between 70 and 79 years
of age; those without obstruction were a
decade younger. The older age of the ob 
structed group will tend to reduce their
absolute five-year survival rate in com
parison to the younger non-obstructed
group.
W e are usually taught that left colon tu
mours obstruct, because the tumour is an
nular, because the colon content is solid
and because the bowel calibre is smaller.
Conversely, right colon tumours, which are
often polypoid, have been thought less like
ly to obstruct the liquid stool in a larger
lumen. W e were surprised to find that right
colon carcinomas have almost the same
propensity to obstruction as those in the
left colon (Table II). Of tumours located
to the right of the splenic flexure, 30%
obstruct, and of those on the left, 32%
obstruct. While left colon lesions are usual
ly napkin-ring annular carcinomas, these
are seen regularly on the right side as well.
Indeed, at the Wellesley Hospital, 86% of
all ascending colon carcinomas, both ob
structing and non-obstructing, were annu
lar. Even a polypoid tumour of the cecum,
TARLE

III.— C a r c in o m a

of
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TABLE II.— S it e
Site

Cecum.............................
Ascending colon.............
Transverse colon............
Descending colon...........
Sigmoid...........................
Rectosigmoid
(10 to 15 cm .)...........
Rectum (below 10 cm.)..

of

O b s t r u c t io n

Number of
patients

Percentage
obstructed

36
20
50
19
85

22
30
38
37
35

35
98

23
6

when it involves the ileocecal valve, may
obstruct.
R esults o f T r e a t m e n t o f P at ie n ts
W it h O bstruction

On admission or at operation, 26 (31 % )
of the 84 patients with obstruction had ad
vanced colon carcinoma for which only pal
liative care could be offered (T able III).
O f those in whom palliation was attempted,
16 underwent resection and 9 had bypass
procedures. One patient died four days
after admission from combined perforation
and obstruction, before being operated
upon.
Fifty-eight ( 6 9 % ) o f these patients
were operated upon with the hope that
they could be cured. All but one of these
have been traced to the date of death or
are known to have survived for five years:
31 are known to be dead and 26 are known
to be alive five years after operation. The

C o l o n a n d R e c t u m — T h e W e l l e s l e y H o s p it a l : R e s u l t s o f T r e a t m e n t

343

259 non-obstructed

84 obstructed

26 palliative treatment
58 resected for cure

31 dead
1 untraced

26 alive 5 years after
operation
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absolute five-year survival rate was 31%
in all patients with obstruction, which is
only slightly lower than the survival rates
generally obtained in colon carcinoma with
out obstruction. In a series of 3596 patients
with carcinoma of the colon and rectum
studied in 1967 by Morson and Bussey,4 the
five-year survival rate was 34.7%. The fiveyear survival rate in those of our patients
who had resection for cure was 45% .
The overall operative mortality for pa
tients with obstruction, both palliative and
curative, was 13 % : the mortality rate in
non-obstructed patients was 8.6%. Hughes2
of Melbourne and Floyd and Cohn1 of
New Orleans have recently reviewed the
results obtained in patients with obstructed
carcinomas of colon and rectum in their
T A B L E IV .— O b s t r u c t e d C o l o n
C

o m p a r is o n of

a n d R ectum
esults

Operative
Number of mortality
patients
(% )
Hughes, E. S. R.,
(Melbourne) 1966. . . .
F loyd and Cohn,
(New Orleans) 1 9 6 7 ...
Wellesley series 1968.........

C a r c in o m a :

R

Absolute
five-year
survival
(% )

77

16.5

18

146
84

24
13

15
31

institutions (Table IV). An analysis of their
papers suggests that their relatively low
survival rates may be due, in part, to late
diagnosis o f rectal carcinoma. In the pres
ent series, only 6% of the patients with
rectal carcinomas had reached the stage of
obstruction. Both the Melbourne and New
Orleans series contained a larger propor
tion of patients with obstructing rectal car
cinomas and, because the capacious rectum
only becomes obstructed late in the disease,
the inclusion of these advanced rectal carci
nomas may have lowered their survival
rates.
Patients with obstructed carcinoma who
have positive regional lymph nodes still
have an appreciable five-year survival
(Table V ). O f the 11 patients with lym
phatic metastases in our obstructed group
(Dukes’ category C ), 4 survived for five
years. Of the 42 patients with extension
through the rectal wall but without lym
phatic metastases (Dukes’ category B ), 21
(5 0 % ) survived for five years. It may be
worth while to resect other adherent organs
en bloc because two of three obstructed

TAB LE V. —

O b s t r u c t e d C o lo n C a r c in o m a :
R e s e c t io n f o r C u r e

Number of Five-year
survival
patients
Dukes’ A ...............................
Dukes’ B (node n ega tive)...
Dukes’ C (node positive). ..
Adherent organs resected
en bloc...............................

—

0
42
11

21 (50%)
4 (36%)
2

3

patients in whom adherent uterus or small
bowel was also resected, survived for five
years.
M ethod of T r e a t m e n t

Of the operations done to achieve cure in
patients with obstructed carcinoma, 13 were
one-stage resections with primary ana
stomosis. Most of these procedures (nine)
were resections of right colon carcinomas.
W e recommend such primary resection for
most obstructing tumours in the right colon,
including some lesions in the transverse
colon where the entire right and transverse
colon may be removed. In this series, the
operative mortality for primary resection
was 7 % . Of the resections for cure, 45 were
multiple-stage operations, most of them in
the left colon (Table V I). In patients with
lesions obstructing the left colon, the bowel
was usually decompressed by a transverse
colostomy using a glass rod. During the
operation, the colon can be aspirated with
a needle on a sucker; this is safe and some
times results in a tidier colostomy, since
less of the decompressed colon protrudes
from the wound. W e usually close the colo
stomy two weeks after resection of the tu
mour, but in some instances the colostomy
is closed at the time of resection, or is in
corporated into the resection. In our series,
the operative mortality for multiple-stage
resections was 15% . This figure includes
those patients who died after decompres
sion, before the tumour was resected.
The rule that a barium enema must be
done before operating on a patient with
suspected large-bowel obstruction has occaT A B L E V I.— O b s t r u c t e d C o l o n C a r c i n o m a : C h o i c e
O p e r a t io n

One-stage resection. .
Multi pie-stage
resection..................

for

of

C ure

Number o f
patients

Right
colon

Left
colon

Operative
mortality
(% )

13

9

4

7

45

6

39

15
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sionally saved a patient from an unneces
We have shown previously8 that early
sary operation. For example, a distended diagnosis of colon carcinoma is beneficial,
patient is seen who has passed no gas for not only because when we detect the tu
several days, and the flat plate shows the mour before obstruction occurs we can do
characteristic picture of left colon obstruc an elective one-stage operation, but also
tion. The rectum is empty and sigmoid because patients with a longer duration of
oscopy is normal. However, the barium symptoms before diagnosis have an in
enema is normal and the radiologist dis creased incidence of lymph-node m eta
covers that the barium flows easily through stasis. When we reviewed the patients
the whole colon. Subsequently, when such with obstruction in the present series, it
a patient expels both the barium and much became evident that, in many of them, we
gas, it becomes clear that the patient has should have made the diagnosis of card
had a transient twist of a sigmoid loop and noma earlier—before obstruction occurred.
does not need a decompressing colostomy. In 13 (15% ), treatment was delayed be
In the patient with complete obstruction, cause of diagnostic error. The errors fell
we decompress the colon as an emergency, into the usual three groups. Firstly, three
because the cecum may explode. In this re patients with anemia were treated with
spect it should be emphasized that the iron for several months before their right
obstructed patient with a competent ileo colon carcinoma became evident only when
cecal valve has not just a closed loop, but it obstructed. Secondly, in four of our pa
a tension pneumocecum. No content can tients, treatment was delayed because the
escape from the segment of colon between clinician accepted a single negative barium
the ileocecal valve and the obstructing tu enema report. We must continue to empha
mour, but small-bowel contents can con size the fallibility of the barium enema and
tinue to enter this closed segment through insist that, if the patient’s symptoms sug
the ileocecal valve. Lowman and Davis5 gest a colon lesion, the clinician must ask
have suggested that measurement of the for a second and even a third barium ene
size of the cecum on the plain radiograph ma. Finally, three of our patients were
might warn the surgeon of impending cecal treated conservatively with a diagnosis of
rupture, and that he should become con diverticulitis until obstruction made opera
cerned when the diameter of the cecum tive treatment necessary and their carcino
increases beyond 12 cm. We believe that ma came to light. We know of no easy rules
there is no point in temporizing with short to identify the patient who may have a
or long tube suction when the obstruction carcinoma in addition to diverticulitis. The
is complete: in this situation, the safest radiological appearance of the two diseases
course is early operative decompression fol may be similar and, in both, there may be
lowed by elective resection, or in some change of bowel habit, bleeding, and local
right colon obstructions, primary resection. pain and tenderness. We can only weigh
In two of our patients with sigmoid ob the knowledge of the risk of carcinoma in
struction, the cecum exploded: we treated
the balance when deciding on the care of
them by fashioning a cecostomy from the
ruptured cecum. Both survived the initial each patient with “diverticulitis”.
Regular follow-up of these patients may
treatment and resection, but succumbed
be of value to them. Four ( 5 % ) of our
eventually to the carcinoma.
In the last three years of the study, 1959 patients with obstruction had a second pri
to 1962, our operative mortality for all pa mary colon carcinoma. In one patient, the
tients with obstruction improved to 8% . second primary was synchronous, and in
The deaths of four may be regarded as the other three it occurred elsewhere in the
preventable because these patients had an colon several years after the primary carci
anastomotic leak or small-bowel obstruc noma was treated. In addition, another
tion after operation.
seven patients ( 8 %) have had primary
carcinomas in other organs such as the
breast and cervix. In all, 11 (13% ) of these
D ia g n o sis o f C o lo n C arcin o m a
B e f o r e O bstr u c tio n
patients have had two primary carcinomas.
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Su m m a r y
O f the 343 patients with carcinom a of
th e colon and rectum treated at the W elles
ley H ospital, Toronto betw een 1949 and
1962, 84 ( 2 4 .5 % ) had com plete largebow el obstruction. T h e patients w ith o b
struction w ere a decade older than those
w ith carcinom a bu t without obstruction.
T h e absolute five-year survival rate of 31 %
in patients w ith obstructing colon carcino
m a is only slightly lower than the survival
rates generally obtained in colon carcinom a
w ithout obstruction.
R eferen ces
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ADVANCED BREAST CANCER
The clinical response of 280 patients with
advanced breast cancer to bilateral adrenal
ectomy-oophorectomy is described. The clinical
results in this series are similar to those re
ported elsewhere. Approximately 40% derived
objective benefit from the treatment but this
tends to be short lived. Only 25% had remis
sions of more than one year and 5% more than
five years. Nevertheless, over 60% of the pa
tients had marked subjective improvement.
None of the clinical features examined
(such as age and menopausal status, stage,
grade, site and progress of recurrence, free
period, and preoperative hormone therapy) is
sufficiently strongly related to subsequent re
sponse to make prior selection practicable.
Recurrent carcinoma locally, in lymph
glands, in skin, and in the skeleton, continues
to disseminate and eventually the viscera are
involved. Thus, early operation before the
viscera are involved would give better results.
This was realized early in the series and most
patients were offered bilateral adrenalectomyoophorectomy as soon as the recurrent carci
noma was diagnosed.
Although the response was very poor in the
progressing disease with visceral metastases,
significant remissions did appear. Very early
in the series there were two complete remis
sions occurring in moribund patients with
multiple secondaries. Thereafter, no patient
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5. L owman, R. M. and D avis, L.: An evaluation
of cecal size in impending perforation of
the cecum, Surg. Gynec. Obstet., 10 3 : 711,
1956.
6. W atters , N. A.: Unpublished data.

R esu m e
Des 343 patients souffrant de cancer du colon
et du rectum que nous avons traites au Wellesley
Hospital de Toronto, de 1949 a 1962, 84 (soit
24.5%) presentaient une occlusion complete. Ces
malades etaient de 10 ans plus ages que les cancereux sans occlusion. La proportion absolue de
survie de cinq ans a ete de 31% dans les cas de
cancer du colon avec occlusion et n’etait que legerement plus faible que les taux de survie generalement enregistres dans les cas de cancer du co
lon sans occlusion.

was refused surgery, however extensive the
disease. A very ill, high operative risk, pre
terminal group of 38 patients that underwent
one-stage bilateral adrenalectomy-oophorec
tomy was reviewed. Eighty per cent of these
were dead within one month and two from
the surviving eight went into complete remis
sion. Therefore, the high operative mortality
and poor response in this group with exten
sive metastases and vital organ dysfunction
make ablative surgery questionable in the last
few weeks of life. Nevertheless, the two
dramatic responses of 11.5 years (axillary,
vertebral, and lung secondaries) and 11 years
(skin, axillary, cerebral, and spine secondaries
with paraplegia and coma) now still alive are
worthy of consideration.
Our results concerning the free period con
firm the findings of most other investigators:
that the longer the free period, the more
favourable the response to endocrine ablation.
Until the urinary steroid discriminant func
tion result becomes more accurate and widely
available, it is felt that all patients with
advanced cancer should still be offered endo
crine ablation; the described one-stage bilat
eral adrenalectomy and oophorectomy is
considered the treatment of choice in the
general surgical unit today.— Barlow, D. and
Meggitt, B. F .: Clinical indices to the re
sponse rate of advanced breast cancer to
bilateral adrenalectomy and oophorectomy,
Brit. J. Surg., 55: 809, 1968.
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CANADIAN CONTRIBUTIONS TO MICROVASCULAR SURGERY
W. G. BEATTIE, M.D., F.R.C.S.fC], F.A.C.S.,0 Ottawa, Ont.

T he term “microvascular surgery” is ac suing years, many investigations were done
cepted by common usage despite its hy to overcome this barrier.
brid derivation from both Greek and
Thrombosis was the major obstacle. In
Latin. The alternative “microangeional vestigators recognized that certain factors
surgery”, while admittedly more appropri that were relatively unimportant in large
ate in its derivation, has never been gen vessels were of the utmost importance in
erally accepted. Microvascular surgery in small vessels. These factors were: (a ) dam
cludes procedures on blood vessels less age to the delicate endothelium; (b ) for
than 4 mm. in diameter and is not limited eign material in the vessel wall coming in
to vascular surgery requiring an operating contact with the blood; and (c ) narrowing
microscope. This vessel size has been of the lumen from spasm, suture, or later
chosen because it is the lower limit of suc fibrous stenosis.
To prevent thrombosis, the blood had to
cessful anastomosis by conventional surgi
cal techniques.
be rendered less coagulable or the aboveBefore 1900, contributions by Abbe,1 mentioned factors prevented. Early in the
Nitze2 and Payr3 set the stage for Carrel development of vascular techniques, sur
and Guthrie4- 5 who, in 1908, demonstrated geons emphasized gentle handling. Samuels
the fundamentals of suture technique in the and Webster15 showed what happened to
laboratory. Matas6 pioneered in the clinical venous endothelium when injury occurred.
field, especially in aneurysmal surgery. In Robertson, Moore and Mersereau16 demon
1917, Tuffier7 and Neuhof8 added further strated how minor trauma could damage
the venous endothelium. They observed
knowledge in prosthetic work.
In Canada, Murray9’ 10 advanced our that 10 g. of external pressure for 50 sec
knowledge of thrombosis with his original onds, or 50 g. for 10 seconds was sufficient
work on heparin. Murray’s imaginative to produce thrombosis.
In Canada, research in microvascular
mind and technical skill led him to propose
vein grafts for reconstruction of smaller surgery has followed three main lines: (1)
vessels such as the popliteal artery. He de mechanical methods—stapler; (2) suture
veloped an experimental technique for methods—using more delicate instruments,
maintaining blood flow during anastomosis finer sutures and operating microscopes;
by inserting an intraluminal cannula and (3) adhesive methods—cyanoacrylate
through a distant branch vessel and thread homologues, either alone or in combination
ing it across the site of the anastomosis.11 with sutures or staples.
In the laboratory, Murray and Janes12 tem
porarily reconstructed vessels with glass
M echanical M ethods
cannulas that were kept free of thrombus
Beginning in 1956, Vogelfanger and
by continuous irrigation with heparin. Mus
Beattie,17 with the engineers of the Depart
tard,13, 14 in the latter years of World War
ment of Mechanical Engineering of the
II, used this technique to maintain circula
National Research Council of Canada, de
tion to an extremity until the wounded sol
signed, developed and tested a vascular
dier could be transported to a base hos
stapling instrument. Investigators in Rus
pital where a vein graft could be inserted.
sia,18 Japan19 and the United States20 de
By 1950, the lower limit of consistently
veloped staplers differing in design; each
successful suture anastomosis of blood ves
had some special advantage or disadvan
sels was approximately 5 mm. In the entage, but all used fine staples to join the
vessel ends.
The stapling technique requires that the
* Chairman, Division of Surgery, Ottawa Civic
ends of the vessels be everted like a cuff
Hospital, Ottawa 3, Ont.
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over each bushing. The everted intimal sur
faces are apposed. Finally, the staples are
driven through the everted vessel wall to
clinch against the anvil bushing. The Vogel
fanger-NRC stapler had the added advan
tage of an automatic evertor developed by
Smialowski, Connock and Vogelfanger.21
In the initial experimental application of
the stapler in dogs, Vogelfanger et al.22
achieved long-term patency without hep
arin in 87% of 157 anastomoses of femoral
arteries and veins. They emphasized that, to
avoid vessel spasm, measurement of vessel
diameter must be done before the vessel
is manipulated. Precise measurement and
the choice of bushings of the correct size
guarantee that the vessel lumen will not be
narrowed at the anastomosis. The resulting
junction was flexible and the lumen was
free of any foreign material. This series
proved conclusively the ease of handling,
speed and precision of this instrument.
Following this series, Scobie, Scobie and
Vogelfanger,23 using the Vogelfanger-NRC
stapler, grafted 30 autologous canine vein
segments from one femoral vein to the
opposite femoral vein and reported a 93%
long-term patency rate. In the follow-up of
these vein grafts, the investigators observed
that several inadvertently transplanted
venous valves were functioning normally.
Waddell et al.2i stapled 28 autologous
canine venous valve transplants with long
term patency in 20 survivors; in 16 of 20
survivors, the valves functioned. They ob
served that fleeting thrombosis with recan
alization could occur but noted that only
repeated early phlebography could reveal
this. These authors believed that throm
bosis and recanalization irreparably dam
aged the valves. In a second series of 20
homologous canine vein valve transplants,
12 veins (3 recanalized) were patent but
only 3 had valve function. No valve sur
vived thrombosis and recanalization. In
dogs where this had occurred, they noted
thick scarring at the graft site with exten
sive collateral vessel formation, pointing to
a severe inflammatory reaction associated
with graft rejection.
Baird et al.25 did autologous vein grafts
in 53 dogs using silk suture technique in
one series without fibrinolysin or heparin,
in a second series with heparin, in a third
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and fourth series with varying dosages of
fibrinolysin and in a fifth series with the
Canadian stapler. The short-term patency
was improved with heparin and high doses
of fibrinolysin but the long-term patency
after the use of sutures was only 25% to
30%. With the Vogelfanger-NRC stapler,
the long-term patency rate was about 50%.
By early, careful repeated phlebography,
they also observed that transitory throm
bosis and recanalization can occur. From
their study they concluded that a bland
thrombosis may occur without destroying
valve function, and that the stapler is an
excellent technical aid in the performance
of venous transplants.
Carroll26 used the Vogelfanger-NRC
stapler to anastomose the severed abdom
inal aorta (average diameter 3 mm.) in 60
rabbits and 12 cats. Many of the rabbits
died from pneumonia and paraplegia. The
histological patency rate in the rabbit was
81.9% and in the cats 91%. He concluded
that, in the laboratory, this stapler was
mechanically excellent and effective.
McLachlin et al.27 produced an excellent
experimental model of a postphlebitic vein
in the dog by damaging an isolated seg
ment of a femoral vein. All but 1 of 53
thrombosed veins recanalized, usually by
30 days. They successfully transplanted
autologous superficial femoral vein seg
ments containing valves into these postphle
bitic recanalized veins using the Vogel
fanger-NRC stapler. Their careful follow
up with serial phlebography confirmed
that early thrombosis and recanalization
occurs. In 18 grafts done without systemic
heparin and studied after four weeks, 12
were patent and 7 of these had valve func
tion. In 12 grafts done with systemic hep
arin and studied after four weeks, all were
patent and 9 had competent valves. In their
series of 14 homologous grafts the only one
that remained patent had no valve func
tion. No attempt was made to control rejec
tion. The authors suggested that these tech
niques could be applied in the human but
were concerned about the unpredictable
hazard of pulmonary embolus.
There has been much controversy about
growth in vascular anastomoses. Vogel
fanger28 noted that growth occurred in the
stapled anastomosis of renal arteries in kid-

January 1969

REVIEW ARTICLE

131

ney transplants in baby pigs (50 lb .). The the greater size of the graft but the free
adult pigs weighing 500 lb. had renal dom to choose the optimal site in the
arteries measuring 15 to 18 mm. compared myocardium for the implantation.
to the original stapled diameter of 2 to
Waddell34 reported his experience in
3 mm.
limb replantation in dogs. The vessels were
When some of the basic problems in anastomosed without difficulty with the
small vessel techniques had been mastered, stapler but other factors led to a high fail
these techniques were applied to other ure rate (24 of 31 experiments). In two
fields. The restoration of swallowing after patients, attempted limb replantation failed
total laryngopharyngectomy has challenged because of factors not attributed to occlu
the ingenuity of surgeons for many years. sion of the stapled vessels, for example, un
Although safe and effective, the Wookey29 avoidable delay in definitive surgery and
skin-tube reconstruction must be done in extensive local tissue damage.
two or more stages and the morbidity is
Irvine et al,35 used the Vogelfanger-NRC
prolonged. One-stage replacement by a free stapler in the experimental reconstruction
enteric graft provided an attractive alterna of severed ureters. As the procedure be
tive. Beattie et al.3n described a small series came standardized, the success rate ap
of jejunal and colonic free grafts done to proached 90% . With this experience in
bridge a defect in the cervical esophagus of ureteral and small vessel stapling, Vogelthe dog. The circulation was restored by fanger, Irvine and Collins38 devised a
stapling the respective mesenteric vein and method of orthotopic kidney transplanta
artery to the anterior facial vein and sup tion.
erior thyroid artery. Despite many technical
Vogelfanger et al,37 devised an unequivo
difficulties, particularly with anatomical cally denervated gastric fundic pouch by
variation of the superior thyroid artery, the severing its vascular pedicle and reanasto
authors concluded that the vessels of a mosing the 1.5 to 2-mm. arteries and 3 to 4colon segment were superior to those of a mm. veins with the stapler. After two years,
jejunal segment. The diameters of the arter they demonstrated, by angiography and
ies were 1 to 2 mm. and the veins between sacrifice necropsy, that all vascular connec
2 and 4 mm. In two patients in whom this tions were still patent.
procedure was attempted, atheroma caused
In other clinical fields,38 Scobie has used
obstruction of the arterial anastomosis.
the stapler to transplant, from an anterior
Carroll31 used the Vogelfanger-NRC to a posterior position, an aberrant renal
stapler to anastomose the internal mam artery that was causing ureteropelvic ob
mary artery to the circumflex coronary struction. With the stapler, Waddell has in
artery in dogs. In 7 of 12 experiments, the serted five venous grafts to replace dam
blood flow was restored within two min aged brachial and posterior tibial arteries,
utes by removing the hemostatic clamp the without a single failure.
moment intima-to-intima apposition was
accomplished, even before the staples were
Suture M ethods
driven. Carroll observed that the incidence
In
1960, Jacobson and Suarez39 led the
of ventricular fibrillation rose steeply if the
way
in
microsuture technique with their
blood supply was interrupted longer than
emphasis
on fine suture material manipu
150 seconds. He emphasized that, in deter
lated
by
ophthalmic
instruments aided by
mining patency, histological examination
an
operating
microscope.
Others,40, 41 em
was more reliable than angiography.
phasized
the
importance
of meticulous
Baird et al,32’ 33 used the stapler to anas
technique using the microscope.
tomose the left subclavian artery to a graft
In Canada, Khodadad and Lougheed,42
(femoral artery or vein) before it was im
assisted by a double binocular operating
planted into the myocardium of the dog. microscope at X 16 magnification, using
The graft was placed in a tunnel in the nor 8-0 nylon sutures, operated upon 90 femoral
mal or ischemic myocardium. They found and carotid arteries (range 1 to 2 mm., ex
that the advantage of the graft over the in ternal diameter) in 55 cats. They had five
ternal mammary artery implant was not series distributed as follows: 30 longitudinal
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incisions, 15 transverse incisions, 15 partial
arterial defects with venous patch grafts,
15 segmental artery replacements with
autologous venous grafts and 15 bypass
grafts using autologous veins. All anasto
moses were patent up to six months. How
ever, they did not do early serial phlebograms, a prerequisite for establishing the
incidence of transitory thrombosis and
recanalization. These authors emphasized
the value of the operating microscope in
assessing and directing the required precise
technique. A fraction of a millimetre error
in suturing a defect in the wall of a small
vessel may lead to profuse bleeding if the
sutures are placed too far apart, or to sten
osis if the suture is placed too far from the
edge of the incision. Both errors cause
thrombosis. Lougheed43 has applied this
laboratory experience to clinical problems,
e.g. embolectomy, endarterectomy and aneurysmorrhaphy of intracranial vessels.
Working with small veins Collins and
Douglass,44 in the United States, noted only
a 7% greater patency rate with the operat
ing microscope than without. However,
they did the direct vision series after the
operating microscope series. This suggests
that the operating microscope may be a
valuable training instrument in the labora
tory. In clinical work, its use may be re
stricted to the suturing of vessels below 2
mm.
Although Cerino, McGraw and Luke45
worked on veins just above the upper range
of microvascular surgery, their careful study
is an important Canadian contribution.
They divided their dogs into three groups.
In the first series, 20 dogs, they showed that
meticulous technique could almost double
the patency rate. In the second series, 39
dogs, they induced thrombophlebitis in an
isolated segment of a femoral vein by in
jecting a sclerosing agent. This group pro
vided the model of a postphlebitic syn
drome for the third series in which the
damaged segment was replaced by an auto
logous vein graft, using the jugular vein in
36 experiments and the contralateral fe
moral vein in 3. Serial phlebograms, done
on the day of operation and weekly there
after, revealed a patency rate of 95% . At
autopsy, the valves were competent in
80% . This work and that of McLachlin
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et a ir ' created a sound experimental basis
for venous valve transplantation in patients
with the postphlebitic syndrome.
Using microsurgical suture techniques
without the help of an operating micro
scope, Taguchi, MacKinnon and Dossetor46
of Montreal, transplanted rat kidneys orthotopically. Each donor vessel was taken with
a patch of aorta or vena cava and implant
ed into a longitudinal incision in the recip
ient’s aorta or vena cava respectively. The
authors did not report their success rates
but to do such exacting surgery without
visual aids is a major technical accomplish
ment.
In the field of instrumentation, Salmon,47
of Edmonton, developed a pneumatic
needle holder that used compressed air to
activate the jaws. The body of the needle
holder is cylindrical and is held like a
pencil, thereby stabilizing the hand. This
allows the fingers alone to manipulate the
instrument reducing extraneous movements.
Adhesive M ethods
Of the many chemical compounds that
have adhesive properties, only a few have
met the stringent criteria of acceptability
for biological use; namely, the homologues
of cyanoacrylate, particularly methyl-2cyanoacrylate and isobutyl cyanoacrylate
monomers. These “glues” form strong bonds
when a thin film of the glue is compressed
between two surfaces. Bonding takes place
when the fluid monomers polymerize into
a solid state. The chemical reaction is cata
lyzed by the small amount of tissue mois
ture that exists on the adherent surfaces.
Reports of work with these adhesives,
particularly from the United States,48'32
have been conflicting because the adhesive
material has not been precisely described
and various methods of application have
been used.
The original Eastman 910 adhesive con
tained methyl-2-cyanoacrylate with an ad
ditive thickening agent, methyl methacry
late and an inhibitor ferrous sulfate. The
viscosity of this adhesive was such that
drop-by-drop control was possible. Its slow
rate of polymerization allowed careful ap
position of the wound edges. Once the vial
(5 c.c.) was opened, however, any residual
adhesive could not be used later, because,
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on standing for two weeks, the glue became
more toxic. In the United States, the Food
and Drug Administration prohibited the ad
ditive methyl methacrylate and ferrous sul
fate but permitted the distribution of the
pure monomers to research investigators.
Because methyl-2-cyanoacrylate ( M2C-1,
Ethicon) alone has the viscosity of water,
precise application is difficult and excessive
amounts are often applied, thus increasing
histotoxicity. In the absence of the inhibitor,
ferrous sulfate, rapid polymerization led to
inaccurate apposition of the adherent sur
faces and inadequate bonding with leakage
and thrombosis.
Scobie, Scobie and Vogelfanger53 tested
pure methyl-2-cyanoacrylate. With instru
ments designed by Vogelfanger and Smialowski for precise application of the adhe
sive, the investigators studied the effect of
a drop of glue applied externally to 60
canine undissected vessels. In another
series, a partial incision of the vessel wall
was closed with M2C-1 using a patch of
collagen tape. In both of these series, the
vessels were patent on phlebography and
at surgical exposure. Minimal reaction was
evident microscopically. In a further 19
longitudinal, full-thickness incisions, patch
ed with collagen tape and M2C-1, all were
patent and there was minimal reaction at
the site of repair. In 24 arteries and 20
veins anastomosed with M2C-1 and some
supported with collagen tape, all throm
bosed. The authors concluded that incisions
could be closed with glue but circumferen
tial repair using M2C-1 was uniformly un
successful. The failure was attributed to
thrombosis caused by local ischemia and
necrosis induced by the solid ring o f glue.
As a result of their studies, Scobie and
his colleagues53 made the following recom
mendations: (1) that the smallest amount of
the least toxic adhesive available be used;
(2 ) that the glue be used only to patch
defects, or close incisions; and (3 ) that the
design and development of more precise
instruments for handling these versatile ad
hesives be encouraged.
Khodadad and Lougheed54 repaired 76
defects using contact cement (neoprene
synthetic rubber and phenol resin) with
Teflon patches. Their patency rate, 38.1%,
was low. They noted that contact cement

was irritating and p r o d u ce d necrosis of the
arterial wall. These a u th o rs concluded that
the poor results w ere due to the toxicity
and inflexibility of the cement.
Zingg and Khodadadeh55 compared su
tures, staples and g lu e, without stating the
exact methodology o r results. They pre
dicted that suturing w ill continue to be
used, that stapling w i l l be applied only in
special situations w here speed is mandatory,
and that glue will h a v e a limited role, pos
sibly in atheromatous vessels or as an ad
junct to sutures or stap les to stop minimal
leakage.

Summary
In the last 10 years, Canadian investiga
tors have made outstanding contributions
in microvascular surgery.
Stapling with its simplicity, speed and
precision has set standards that other meth
ods must equal, especially in the repair or
replacement o f veins and the transplanta
tion of organs.
Microsuture, although time consuming
and exacting, is established as one of the
most adaptable methods for reconstruction
of vessels, particularly in inaccessible areas
such as the cranium.
Adhesives, at present limited by their his
totoxicity, give promise o f greater useful
ness when the biochemists provide a less
irritating product. T h e biological glues
could be most effective in the closure o f
lateral defects and incisions in atheroma
tous vessels.
A judicious melding o f the operating
microscope and a mechanical aid such as
a micromanipulator cou ld provide a fur
ther stimulus for workers concerned with
vessels less than one millimetre in diameter.
The solution to many clinical problems
awaits a carefully considered application o f
these new techniques.
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Depuis 10 ans, les chercheurs canadiens ont fait
faire a la microchirurgie des vaisseaux des progres
remarquables
Le brochage, par sa simplicite, sa rapidite, sa
precision, a cree des normes d’efficacite qu’on at
tend encore d’autres methodes, surtout en ce qui
concerne la reparation ou le remplacement des
veines et les transplantations d’organes.
La microsuture, meme si elle est astreignante,
meme si elle prend un temps considerable, demeure une des methodes les plus souples pour la
reconstruction des vaisseaux, surtout quand ils sont
situes dans des regions inaccessibles, comme le
crane.
Les adhesifs, dont Fhisto-toxicite limite actuellement l’emploi, promettent d’etre plus utiles quand
les biochimistes auront trouve un produit moins
irritant. Les colles biologiques peuvent rendre
d’immenses services pour la fermeture de defauts
lateraux et des incisions des vaisseaux atheromateux.
L ’emploi judicieusement combine du microscope
operatoire et d’un auxiliaire mecanique, le micromanipulateur par exemple, pourrait stimuler
davantage l’interet de tous ceux qui doivent travailler sur des vaisseaux d’un diametre inferieur a
1 mm.
L’application judicieuse de ces nouvelles tech
niques permettrait sans doute de resoudre de nombreux problemes cliniques.

IS O B U T Y L CYA N O A CRYLA TE AS A
T IS S U E A D H E SIV E
Experim ental results indicate that longitu
dinal incisions in bowel ca n be closed with
adhesive only. Non-suture large-bowel anas
tomosis was, however, unsatisfactory, but
improved results may follow the development
of better techniques and specialized instru
ments to approximate bowel.
W hilst the value of adhesive as an adjunct
to conventional suture technique was not
proven experimentally, in certain situations
its application might be of value; for example,
where healing is expected to be poor follow
ing radiation, or where technical problems
such as the closure of a difficult duodenal or
bronchial stump have been encountered. The
leakage rate after esophageal and low colon
resection remains considerable and applica
tion of adhesive to the anastomosis in such
cases may prove valuable.
The treatm ent of wounds of parenchym a

tous tissue unable to retain sutures, e.g. lungs,
liver and kidney, is another situation w here
the adhesive might b e useful.
Perhaps one of the m ost promising applica
tions of the tissue adhesives is in the treat
ment of persistent cutaneous gastrointestinal
and urinary fistulas. T h e experiences of
Seidenberg and Hurwittes have enabled them
to recomm end adhesive control in the fistula
that presents as a track from the abdom en to
skin level without exposed bow el or everted
mucosa, provided there is no distal obstru c
tion.
Our experiences w ith isobutyl cyanoacry
late in two cases of intestinal and two of
urinary fistulas confirm that daily application
of a few drops of adhesive into the fistulous
tract stops or greatly reduces the discharge and
allows healing to occur.— H ale, J. and E llis
H.: Isobutyl cyanoacrylate as a tissue adhe
sive; an experim ental study, Brit. J. S u rg.,
55: 8 5 0 , 1968.
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HYPEREMIA, HYPERVASCULARITY AND LIMB OVERGROWTH
W. R. HARRIS, M.D., F. R .C .S.[C ],* Toronto, Ont.

T he purpose of this paper is to show how a
chance observation during an experiment
done for another purpose entirely, provided
a possible clue to the mechanism by which
hyperemia stimulates growth of an extrem
ity.

We became interested in methods of al
tering epiphyseal blood supply and hence
limb growth when Tile was working in our
laboratory to improve Martin’s technique
for transplanting epiphyseal plates.1 The
method Tile subsequently perfected for iso
lating a plate required that the distal epi
physis of an animal’s radius and ulna be
separated temporarily from their respective
shafts (Fig. 1). This could be easily done

in small animals by manual hyperextension
of the forepaw. The epiphyses always sep
arated from the shaft on the metaphyseal
side of the growth plate, leaving the plate
itself attached to the epiphysis. The cartila
ginous plate could then be easily cut away
from the bony epiphysis and used as a free
transplant. In this experiment, Tile removed
only the distal ulnar growth plate for trans
plantation to another site, and left the dis
tal radial plate in place. The animal was
thus left with one growth plate excised
and the other attached to its epiphysis. At
first, Tile paid little attention to the changes
in the radial plate, because previous
studies2 had delineated the histological
changes that occur in a growth plate when
an epiphysis is separated from the shaft of
a bone. In our earlier studies, we used or
dinary histological methods but Tile had in
jected dyes that made the blood vessels
stand out more prominently. He thus was
able to observe a marked increase in the
number and depth of penetration of the
epiphyseal blood vessels in the cartilaginous
plate of the radius (Fig. 2). Because trau
matic separation of an epiphysis causes
temporary overgrowth of a limb, and be
cause, in our experiments, epiphyseal
separation was accompanied by this
marked vascular change, we thought we
had discovered the mechanism by which
hyperemia of an extremity stimulates its
growth.
B lood Supply of the Normal
E piphyseal P late

Fig- 1.—Transplantation of epiphyseal plates,
(a) Through a dorsal incision, the distal ulnar
and radial epiphyseal plates in a rabbit can be seen
glistening through the perichondrium, (b) Both
epiphyses are separated by simple manual pres
sure. (c) The distal ulnar plate is removed with
a scalpel, (cl) The isolated transplant.
“Orthopedic Service, Toronto General Hospital,
Toronto, Ont.

The histological appearance of the nor
mal mammalian epiphyseal plate is shown
in Fig. 3. The only cells capable of mitosis
and of producing growth of an extremity
are the cells of the germinal layer (para
doxically called “resting cells” in older
writings). The thickness of an epiphyseal
plate depends on the balance between the
rate of division of the germinal cells on the
epiphyseal side of the plate, and the rate
of resorption of hypertrophied cells (by
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. i F ig 2 .- T h e distal ulnar epiphyseal plate (left) five days after removal and reimplantation. T he
distal radial plate (right) was left in situ. N ote theprominent epiphyseal vessels (arrows).

endochondral ossification) on the meta
physeal side of the plate. Thus, during
periods of rapid growth, the plate is thick
because the number o f germinal cells has
increased. When growth is slow, or when
it is about to cease at adolescence, the
plate is thin because the number o f ger
minal cells has decreased and endochon
dral ossification has begun to invade the
hypertrophied cells.
The blood supply to the plate arises from
the bone on either side (Fig. 4a): the epi
physeal (E ) and metaphyseal (M ) blood
vessels.3
The E vessels terminate in the germinal
cell layer as vascular tufts resembling renal
glomeruli (Fig. 4b). They appear to be
true end-arteries in that a single afferent
arteriole branches into several efferent
channels. A cross-section o f the vessels at
a point just before the tuft begins, usually
shows a single muscle-walled vessel surFjg- 3 .—Norm al distal radial epiphyseal plate in
a rabbit nearing maturity. (A) germinal cells, (B)
proliferating cells, (C) hypertrophied cells, and (D )
endochondral ossification.
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Fig. 4b
Fig- 4d
Fig. 4.—(a) Microangiogram of the distal ulnar epiphyseal plate in the rabbit (micropaque injection) to show the epiphyseal and metaphyseal vessels, (b) A terminal tuft of an epiphyseal vessel
(India-ink injection, Spalteholtz technique), (c) Cross-section of epiphyseal vessels just before their termination in the germinal cell layer (Berlin-blue injection), (d) Termination of an M vessel in the space
between cartilage matrix in the layer of endochondral ossification (Indian-ink injection, Spalteholtz tech
nique).

rounded by several venous channels (Fig.
4c). The M vessels terminate in the region
of endochondral ossification as open sinus
oids in the spaces between the cartilage
matrix (Fig. 4d). The E vessels nourish
the germinal cells (and in this sense
control their capacity for division)
while the M vessels nourish endo
chondral ossification. The separate roles
of these two vessels can be verified
in various ways; after traumatic epiphyseal
separation, the line of separation, which
develops on the metaphyseal side of the

plate, interrupts the M vessels. Endochon
dral ossification stops but, because the E
vessels are intact, germinal cell division
continues and the plate becomes much
thicker (Fig. 5). Later, as endochondral
ossification resumes, the plate returns to
normal thickness.2 Trueta and Amato4 pro
duced similar changes by selectively cau
terizing the E or M vessels through a drill
hole in the bony cortex. By destroying the
E vessels, they stopped germinal cell divi
sion but, because endochondral ossification
continued, the epiphyseal plate became
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Fig. 5a

Fig. 5b

Fig. 5.—Distal radial epiphysis in the rabbit, (a) Normal control, (b) Seven days after separa
tion. Note the great increase in plate thickness. Separation has interfered with normal endochondral
ossification.

thinner. When the M vessels were de
stroyed, endochondral ossification ceased
but as the germinal cells continued to di
vide, the plate became thicker.
These observations suggest that, with re
spect to the mechanism by which hyper
vascularity could affect limb growth, we
should confine our attention to the E ves
sels because these alone control germinal
cell division.
E ffect of Shaft F racture and
P eriosteal Stripping on the E V essels
-1

*

*

In pursuing Tile’s observation concerning
E-vessel overgrowth after epiphyseal sepa
ration, Yabsley and Harris5 fractured the
shafts of long bones and stripped the peri
osteum of the metaphysis to study the effect
on E vessels. Fracture of the long bones in
children produces limb overgrowth, which
has been explained by postulating that the
periosteal elevation with such injuries pro
duces hyperemia. Subsequently, surgeons
have elevated the periosteum ( without frac

ture ) to stimulate growth in stunted limbs.6
After both fracture and periosteal strip
ping, Yabsley found that the E vessels in
creased in number and depth o f penetra
tion in the germinal layer, just as Tile had
observed after epiphyseal separation. H ow 
ever, this increase did not involve the en
tire width of the plate; it was confined to
that part opposite an area of thickening
(Fig. 6). Our interpretation was that both
fracturing the bone, or stripping the peri
osteum from the diaphysis of a growing
bone cut off the blood flow through some
of the M vessels and thus temporarily inter
fered with endochondral ossification in that
part of the plate. As the germinal cells con
tinued to divide, the plate became thicker
in this area. We concluded that the hyper
vascularity might not stimulate overgrowth
at all, but that the overgrowth was a reflec
tion of an increased metabolic demand
created by the larger population o f cells in
the thick part of the plate. This view was
supported by the fact that a statistically
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Fig. 6.—Berlin-blue injection of the E and M vessels in a rabbit after periosteal stripping. The
E vessels are dilated and penetrate the plate more deeply in the thickened part.

significant growth increase did not always
occur.5
E ffect of R ickets on the E V essels

The various experimental procedures
used thus far in our studies each inter
rupted the M vessels and produced secon
dary thickening of the growth plate. If, as
we believed, the associated E-vessel chang
es reflected an increased metabolic demand
by the larger number of cells in the thick
ened plate, then we should find a similar
vascular change in other conditions that
produce plate thickening. Harris and Seligman7 pursued this hypothesis by studying
the E vessels in rickets, because, as was
observed long ago, the characteristic change
in the rachitic plate is immense thickening
of the layer of hypertrophied cells. While
this thickening resembles that seen in our
experiments, it is the result of failure of car
tilage matrix to calcify rather than to a
disturbance of the M vessels. However, this
experiment showed once again that where
the plate was increased in thickness there
was an increased number of E vessels and
that they penetrated the plate to a greater
depth (Fig. 7).

E ffect of S ympathectomy and
A rteriovenous F istulas on the
E V essels

It has been exceedingly difficult to in
vestigate the effect of the two procedures
most widely used clinically to stimulate
limb growth, namely, sympathectomy and
arteriovenous fistulas. Because most small
laboratory animals do not have anatomi
cally distinct lumbar sympathetic chains,
one cannot prepare a specimen with a true
sympathectomy. Arteriovenous fistulas are
easy enough to create, but surprisingly dif
ficult to keep patent even in larger animals.
After having maintained fistulas success
fully in puppies over a long interval, Reeds
could not demonstrate any obvious change
in the E vessels of the involved extremity.
D iscussion

Clinicians have long recognized the as
sociation between hyperemia and over
growth of an extremity. Multiple arterio
venous malformations, venous thrombosis,
fractures and conditions producing chronic
synovitis each can produce overgrowth of
an extremity in the growing child. In the
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Fig. 7b

Fig. 7.—Upper tibial epiphysis in the rat. (a) After a 28-day rachitogenic diet, (b) Normal littermate control.

1920’s, when lumbar sympathectomy was
done to treat Hirschsprung’s disease, sur
geons noted that the lower extremity on
the side of the sympathectomy was not
only warmer but grew longer than its
fellow. Following this observation, sympa
thectomy was done in an attempt to
lengthen limbs shortened by poliomyelitis
and other conditions.®-10 Subsequently,
other procedures were devised to produce
hyperemia of a limb: implantation o f dis
similar metals into bone near an epiphyseal
plate,11 the creation of arteriovenous fis
tulas12 and stripping of periosteum.8 Each
of these procedures produces a significant,
although temporary, growth in man. When
the same procedures were used in animals
to study the underlying mechanism, atten
tion was directed chiefly to measurements
of limb length, and little attention was
paid to the epiphyseal plates and, particu
larly, their blood supply. This is a surpris
ing oversight because the epiphyseal plates
are the growth organs of the skeleton and
control every alteration of limb growth.
The clinical conditions described may di
late existing vessels in the limb and thus
increase the blood flow through the E
vessels, but how does this stimulate the
germinal cells to divide more rapidly?
Some workers have suggested that any
condition that produces hyperemia will
raise the temperature of the limb and that
this will stimulate the germinal cells to

more rapid growth; for example, it has
been demonstrated that, when a limb is
heated by the insertion o f electrical de
vices, more rapid growth ensues.13
W e had hoped to prove that Tile’s
chance observation had provided the cor
rect explanation: that there was an ana
tomical change in the E vessels, which put
them into direct contact with a greater
number of germinal cells. However, our
subsequent studies have been disappoint
ing. The vascular changes seem to be the
result of the experimental procedures used
rather than the cause of the growth in
crease we observed. In each of our experi
mental procedures, the E vessels were di
lated and penetrated the plate to a greater
depth. While the appearances suggest
ed that these vessels also increased in
number, the conventional longitudinal sec
tions we employed did not permit accurate
counting. In future studies, the E vessels
should be examined by serial cross-sec
tions.
There are three possible explanations for
the changes we observed in the E vessels.
First, when anything interrupts the circula
tion through M vessels (epiphyseal sepa
ration, fractures and periosteal stripping)
more of the total blood flow to the bone
may be forced through the E vessels, thus
dilating them. Second, the increased popu
lation of cells in the thickened part of the
plate creates a greater metabolic demand,
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Fig. 8a
Fig. 8b
Fig. 8.—Distal ulnar epiphyseal plate in the rabbit, (a) A young (300 g.) animal, (b) An older
(900 g.) animal. In each, the E vessels end in the germinal layer.

which results in the E-vessel hypervascu
larity. This concept is supported by the
findings in rickets, where similar E-vessel
changes were found in a situation in which
blood flow through the M vessels was not
interrupted. Third, the procedures used
may each retard maturation of the growth
plate, and the “change” in the E vessels
may represent the persistence of a more
juvenile vascular pattern. In Fig. 8, the Evessel patterns in a young and a more
mature animal are compared. In the young
animal, the cortex of the epiphysis is not
yet ossified and consists of a cartilaginous
anlage. The uninitiated may mistake the
anlage cells for germinal layer cells and
conclude that the germinal layer is dis
proportionately wide in young animals.
They may also conclude that the E vessels
penetrate this layer more deeply in young
animals than in old. However, careful ob
servation will show that the true germinal
layer is of normal thickness, and that the
E vessels do not penetrate it to an unusual
depth.

The “metabolic demand” explanation is
of great interest because it suggests that
the hypertrophied cells in the plate possess
greater metabolic activity than hitherto
suspected. Accepted teaching is that once
a germinal cell divides its descendants be
come senescent and act as a scaffolding for
the endochondral ossification that ulti
mately replaces them. Work is in progress
in our laboratory to determine more ac
curately the metabolism of each type of
cell in the plate by growing them sepa
rately in tissue culture and determining
their glucose and CL uptake, and CCL pro
duction.14
While these studies have no immediate
clinical application they emphasize the im
portance of more careful study of patho
logical material in man. We suggest, for
example, that when a child’s limb is ampu
tated, the surgeon could study the anatomy
of the E vessels using the newer techniques
for injecting blood vessels. Such a study
could be of particular interest when the

/»-
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amputation was done for an arteriovenous
malformation.

4.

Su m m a r y

A chance observation made during a
study on epiphyseal plate transplantation
showed that the E vessels of the epiphy
seal plate had increased in size. This sug
gested a possible explanation for the
mechanism by which hyperemia stimulates
limb growth. When two clinical conditions
(fractures and periosteal stripping) known
to stimulate growth were reproduced ex
perimentally, similar vascular changes oc
curred. However, it was possible that these
vascular changes did not stimulate this
growth, but were due to the increased
thickness of the plate produced by the ex
perimental procedures. To verify this, the E
vessels were studied in experimental rickets
— a condition that also produces thicken
ing of epiphyseal plates: similar vascular
changes were found. W e concluded that
the E-vessel changes seen in each experi
mental situation probably reflected the
greater metabolic demand produced by the
increased number of cells in the thickened
part of the plate. However, we could not
exclude the possibility that the experi
ments interfered with normal maturation
of the plate and that the appearance of
the E vessels is a normal juvenile pattern.
I am grateful for the opportunity to acknowl
edge in this Janes Memorial Issue, the enthusiasm
and hard work of the research fellows with whom
I have worked: Drs. Gordon Dale, Jean-Paul
Bedard, Robert Martin, Marvin Tile, Reginald
Yabsley, Gerald Seligman, Carol Reed and Farouk
Abou-Keer. It is appropriate that they be named
in this issue, because Professor Janes made re
search an integral part of graduate surgical train
ing programs in Toronto. Finally, I wish to thank
the Ontario Society for Crippled Children for
their generous support over a period of nearly 10
years.
The Editors of the Journal o f Bone and Joint
Surgery have permitted me to reproduce Figs. 1,
2, 4, 6 and 8.
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R esu m e

Une observation, faite par hasard au cours de
l’etude d’une transplantation d’un cartilage de
conjugaison, a montre une augmentation du ca
libre des vaisseaux epiphysaires (vaisseaux E) de
la plaque epiphysaire. Cette observation peut
aider a expliquer le mecanisme de stimulation de
la croissance des membres par hyperemie. La re
production experimentale de deux etats cliniques
(fractures et decollage du perioste) qui stimulent
la croissance a permis de constater que des
changements vasculaires similaires surviennent
egalement. Neanmoins, subsistait la possibility que
ces modifications n'etaient pas la cause de la
stimulation de la croissance, mais le resultat d’une
augmentation d’epaisseur du cartilage de conju
gaison provoquee par la methode experimentale.
En vue de verifier le bien-fonde de cette hypothese, on a etudie les vaisseaux E dans des cas de
rachitisme experimental, affection qui entraine
aussi une augmentation d’epaisseur du cartilage
de conjugaison; les memes modifications dont les
vaisseaux E sont le siege dans toutes les expe
riences tentees refletent les besoins metaboliques
plus grands crees par l’augmentation d’epaisseur
de la plaque epiphysaire. II ne faut toutefois pas
ecarter la possibility que ces experiences aient
pu entraver la maturation normale de la plaque et
que l’apparition des vaisseaux E est peut-etre un
processus normal chez l’etre jeune.
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EXPERIM EN TAL HOMOGRAFT REPLACEM ENT OF TH E MITRAL
VALVE*
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E R N E S T H. SPRATT, M.D.§ and W ILLIA M J. COHOON, M.D.,Jf Toronto, Ont.

P r o s t h e t ic heart valves have proved less
satisfactory for replacement of the mitral
valve than of the aortic valve. The lower
pressure gradient and slower blood flow
across the mitral valve have increased the
thromboemboli associated with these prostheses. Furthermore, the rigid fixation ring
immobilizes the normally contractile mitral
valve annulus, the projecting cage may pro
duce contraction or conduction abnormali
ties in the ventricle, and the loss of the
normal papillary muscle-chordae tendineae
complex may also affect ventricular effici
ency. Although improvements in prosthetic
valve design have reduced these liabilities,
we should continue to explore other tech
niques of mitral valve replacement.
Because the mitral valve has such a com
plicated structure, surgeons have sought to
replace it with the simpler aortic valve. On
several occasions, in both animals and man,
the mitral valve has been replaced with
aortic valve homografts (allografts) or he
terografts (xenografts). There has been
only limited laboratory experience with
homotransplantation of the mitral valve
complex itself. Before this is clinically feas
ible, two major problems have to be solved:
first, the surgeon has to obtain a fistulaproof union at the annulus and, second,
discover how to create a permanent, and
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hopefully functioning, junction with the
papillary muscles.
The purpose of the present article is to
summarize our experience with mitral valve
replacement and to describe a technique
that ensures secure annular and papillary
fixation. The junction with the host’s papil
lary muscle is reinforced with autologous
tissue.
R e v ie w o f t h e L it e r a t u r e

Aortic to Mitral Transplants
In 1956, Murray et al.1’ 2 described the
first attempt to replace the mitral valve
with an aortic valve homograft. In an op
eration performed without cardiopulmon
ary bypass, the annulus of the aortic valve
was sutured to the mitral valve ring and
strips of aortic wall, in continuity with the
commissures, were brought through the
ventricular wall and fixed to its external
surface. In 1962, Heimbecker et al.,3 using
much the same technique but with an openheart approach, achieved temporary suc
cess in two patients. In their reports, Mckenzie et al.4 and Willman, Zafiracopoulos
and Hanlon5 emphasized that it was diffi
cult to fix the aortic valve commissure to
the ventricular wall and that after some
delay stenosis developed. Attempts to re
inforce the wall of the valve with prosthetic
materials were reported by McKenzie et
al.4 and Braunwald, Fuchs and Bonchek.6
Lower et alA 8 modified the technique
of mitral replacement with a semilunar
valve by inserting pulmonary valve homografts or autografts so that the valve lay in
the atrium, rather than the ventricle. The
aortic valve homograft was used in the
same fashion by Hubka, Siska and Holec.9
Ionescu et al.10’ 11 have successfully insert
ed pig aortic valves, reinforced with a Tef
lon ring in the left atrium of man.
Mitral to Mitral Transplants
Mitral valve homografts and heterografts
in the dog were intensively investigated at
the Mayo Clinic by McKenzie and Ellis,12
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Berghuis et al.,13 Rastelli, Berghuis and
Swan,14 Van Vliet et al.,15 and Pappas et
al.lels They employed continuous suture at
the annulus and a series of mattress sutures
which fixed a small tag of each donor papil
lary muscle to the recipient’s papillary mus
cles. By their excellent descriptions of tech
nique, function and structure, they demon
strated that such a procedure was feasible.
Although their survival statistics were envi
able, they had major problems with annu
lar fistulas, and either papillary muscle de
hiscence or rupture of the chordae tendineae. These complications were signifi
cant with the homografts and prohibitive
with the heterografts.13' 1S Experiences
with a similar technique were described by
Hubka et al.10 and Cachera et al.20 O’Brien
and Gerbode21 and Bernhard et al.22’ 23
modified the technique by excising a por
tion of the recipient papillary muscle and
using a transfixion suture to anchor the
donor papillary muscle to the external sur
face of the ventricle.
M a t e r ia l s an d M eth o d s

General
The experiment was conducted in three
series of animals: Series I—aortic valve
homograft replacement of the mitral valve
in dogs, Series II—mitral valve homograft
replacement of the mitral valve in dogs,
and Series III—mitral valve homograft re
placement of the mitral valve in calves.
Dogs were anesthetized with sodium
pentothal, nitrous oxide, and fluothane.
Calves were anesthetized using the tech
nique of MacFarlane, Robillard and Blun
dell.24 The chest was opened by a left fifth
space thoracotomy, the pericardium was
opened anterior to the phrenic nerve and
the left atrium incised widely. Normothermic heart-lung bypass was instituted using
a single right atrial venous drain with ar
terial return to the left femoral artery. Flow
rates varied from 50 to 80 ml./kg./min.
The disposable plastic oxygenator was
primed with 500 ml. of 5% glucose in dis
tilled water and 1000 ml. of fresh homo
logous blood containing either 50 mg./l.
heparin, or both citrate solution and hepar
in. Because hemodilution in the calves led
to severe anemia, this practice was discon
tinued in Series III. The duration of cardio
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pulmonary bypass was 60 to 120 minutes
with an average of 90 minutes. The recipi
ent animal received penicillin and strepto
mycin preop era tively and tetracycline for
four days postoperatively. Postoperative
ventilatory assistance was provided with a
Bird respirator in Series II and an Engstrom respirator in Series III.
Electrical fibrillation was employed be
fore opening the left atrium of the dogs.
This was done only intermittently in the
calves because of the extreme difficulty of
defibrillating these animals. The aorta was
occluded for brief periods while the papil
lary muscles were fixed. The operative field
was flooded with carbon dioxide while the
atriotomy was closed and the gas was later
evacuated from the cardiac chambers.
Left atrial and left ventricular pressure
curves were monitored before bypass and
for several hours thereafter. Systemic ar
terial and central venous pressure were
monitored throughout the operation. Post
operative cineangiograms were obtained on
a nine-inch Phillips image intensifier after
contrast medium was injected into the left
ventricle via an arterial catheter.
The transplanted valves were studied
histologically following section and staining
with Glynn, hematoxylin and eosin, tri
chrome, and elastin stains.
Preparation and Insertion of Valves
Series I—aortic valve homograft replace
ment of the mitral valve in d o g s—In 10
mongrel dogs weighing 16 to 30 kg., the
mitral valve was replaced with an aortic
valve from a dog 5 to 10 kg. heavier. The
aortic valves were removed in a sterile
fashion, trimmed of all unnecessary tissue,
refrigerated in saline-soaked gauze, and in
serted within 24 hours.
The technique of placing the aortic valve
in the left atrium was adapted from that
described by Lower et al.1’ 8 The chordae
tendineae of the mitral valve were divided
at its junction with the papillary muscle
and the valve was brought up into the atri
um where it was trimmed to provide a
small cuff, which was used to buttress the
suture line of the aortic valve to the annul
us. The donor valve was inverted into the
ventricle, and the aortic wall at the level of
the commissures was then sutured to the
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Fig. la
Fig. lb
Fig. 1.—Diagrammatic representation of aortic to mitral valve transplantation, (a) Intraventric
ular placement with fixation of the commissures to the ventricular wall and (b) intra-atrial placement
with plication of the atrial wall to support the base of the valve cusps.

mitral valve annulus with a continuous su papillary muscles of the recipient were left
ture of 000 silk interrupted at the aortic intact and a small concave cap of the do
commissures. The valve was then drawn nor’s papillary-chordae tendineae junction
into the atrium and six to eight mattress was entirely wrapped with the recipient’s
sutures of 0 silk were used to “funnel” the fascia lata. The base of each major chorda
adjacent left atrium and hold the aortic tendinea was fixed to the recipient’s
valve annulus (Fig. 1). At the end of this fascia lata with a mattress suture of 000
series, the atriotomy in several animals silk. Three small tails of fascia lata were
was closed with a large patch of pericar then brought along the sides of the papillary
dium in order to enlarge the resulting left muscles and passed to the outside of the
ventricle where they were anchored with
atrium.20
Series I I —mitral valve hom ograft replace Silastic buttons.
Series III—mitral valve hom ograft re
m ent o f the mitral valve in d o g s —In a sec
ond series of mongrel dogs weighing 16 to placem ent o f the mitral valve in calves —
33 kg., the mitral valve was replaced with In 12 calves weighing 40 to 60 kg., the mi
a mitral valve from a dog of approximately tral valve was replaced with a mitral valve
the same weight. The valves were obtained homograft. The donor valves were from
calf hearts obtained from the abattoir. We
and refrigerated as described above.
The donor annulus was trimmed and su selected only valves in which the chordae
tured to the recipient annulus with inter were inserted on single anterior and poster
ior papillary muscles. The valves were
rupted figure-of-eight sutures of 000 silk.
In the initial pilot experiments, the donor
papillary muscle and an adjoining strip of
(a+rial wall
left ventricular muscle were completely
wrapped with either knitted Teflon or with
the recipient’s fascia lata to form a long
cone-shaped structure. The recipient’s pa
pillary muscles were amputated, the donor
tissue was drawn through the base of the
leaflet
papillary muscle and adjoining left ventric
Fig. 2.—Preparation of the annulus of the donor
ular wall, and was anchored to the epicardvalve. The donor annulus is reinforced by suturing
ium by several heavy sutures.
a trimmed, everted cuff of atrial wall to the lowIn the last 10 animals of this series, the lying annulus.
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Fig. 3.—The donor papillary button is wrapped with autologous fascia lata. Mattress su
tures through the fascia incorporate each chordal insertion without distorting the normal architec
ture.

trimmed, sterilized in beta-propriolactone
and refrigerated in saline-soaked gauze
containing penicillin, polymyxin B sulfate
( Aerosporin) and streptomycin for periods
of one day to six weeks. The donor calf
valves were larger than the recipient’s nor
mal valve.
The annulus was prepared as in Fig. 2,
so that two-thirds of the circumference
was buttressed with a small cuff of the
inner half of atrial wall to provide easy
suturing and prevent fistula formation. The
recipient’s papillary muscles were left intact
and covered with a cap of the donor’s
papillary-chordae tendineae junction wrap
ped in the recipient’s fascia lata as de
scribed above and illustrated in Fig. 3.
Careful measurements were made of the
distance from the annulus to the papillary
muscle of the donor, and the site of attach
ment to the top or towards the base of the
recipient papillary muscle chosen accord
ingly.
R e su l t s

Series I—Aortic Valve Homograft Re
placement of the Mitral Valve in Dogs
We placed the aortic valve in the left

atrium above the mitral annulus because,
from clinical experience, we knew that it
was difficult to anchor the aortic commis
sures within the ventricle satisfactorily.3
The aortic wall to mitral annulus suture
line was always easy to perform and no
fistulas were detected. However, because
the left atrial wall of the dog is so thin,
it was frequently difficult to control bleed
ing from the sutures used to anchor the
aortic annulus within the atrium, and from
the atriotomy.
Although all of the valves were com
petent, all demonstrated significant sten
osis both hemodynamically and at autopsy.
With adequate hlood replacement and
systemic arterial systolic pressure of 110 to
130 mm. Hg, the mean postoperative left
atrial pressure was 24 mm. Hg (range 14
to 32 mm. H g). After valve replacement,
several animals died from left atrial hem
orrhage—the result of severe left atrial hy
pertension. The presence of the aortic
valve in the left atrium reduced its volume
significantly, and the pressures within this
chamber were not reduced by enlarging
the atrium with a pericardial patch.23 Only
3 of the 10 animals survived for over 24
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Fig. 4.—The photograph of a frame from a left ventricular cineangiogram showing complete
competence of the transplanted mitral valve.

hours and all died within 7 days.
This technique was abandoned because
it consistently produced mitral stenosis de
spite the use of large aortic valves and be
cause the animals could not be kept alive
for long-term assessment.

Series II—Mitral Valve Homograft Re
placement of the Mitral Valve in Dogs
In these dogs, the hemodynamic results
were superior to those in which the aortic
valve had been used. Fistulas at the annu
lus occurred with moderate frequency until
the weaker portion of the donor annulus
was buttressed with a small cuff of atrial
wall (Fig. 2 ). In the pilot experiments,
despite the rather gross technique of
papillary muscle fixation, the dogs did not
develop mitral incompetence or papillary
muscle dehiscence. After we began to cover
the donor’s papillary muscle-chordae tendineae junction with a small concave cap
of fascia lata, hemodynamic results ap
proached those of a normal valve. In the
last five animals in this series, with ade
quate blood replacement and a systemic
arterial systolic pressure of 110 to 130 mm.
Hg, the average left atrial mean pressure

was 9.1 mm. Hg (average 7.0 to 11.5)
with “v” waves of less than 11 mm. Hg.
With the lower left atrial pressures,
atrial hemorrhage ceased to be a problem.
Of the last 10 animals in Series II, 2 died
at operation; 5 died between 12 and 24
hours after operation—3 from pulmonary
complications and 2 from central nervous
system damage; and 3 animals survived
for periods of less than one week—2 of
these dogs died with pneumonia and 1
with sudden arrhythmia. We attributed
the disappointingly short survival to the
constant occurrence of extensive patchy
atelectasis, peribronchial hemorrhage and
pneumonic infiltration. However, the his
tological study of the cap of donor tissue
wrapped in autologous fascia lata was most
encouraging; it suggested that rapid, firm
union could be obtained.

Series III—Mitral Valve Homograft
Replacement of the Mitral Valve in
Calves
For operations involving heart-lung by
pass and left atrial incisions, the Holstein
or Ayrshire calf is superior to the mongrel
dog because the left atrium is thicker, the
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Fig. 6.—The donor papillary button becom es
rapidly incorporated into the myocardial wall and
is held secure by external fixation.

Fig. 5.—Photograph of a homograft mitral valve
eight days after insertion. The leaflets are thin and
pliable and the junction at the annulus and
papillary muscles is secure.

circumflex coronary artery is farther from
the mitral annulus, and postoperative
bleeding and pulmonary consolidation are
less frequent.
In the 12 definitive experiments, with
adequate blood replacement and systemic
systolic arterial pressures of 110 to 130
mm. Hg, the left atrial mean pressure was
10.7 mm. Hg (range 8 to 13 mm. Ilg ). In
our laboratory in 14 calves with open
chests, the normal mean left atrial pressure
was 8.8 mm. Hg (range 4.0 to 13.5 mm.
H g ). Before operation, left ventricular enddiastolic pressures averaged 10.5 mm. Hg
(range 5 to 20 mm. H g) and, after opera11.4 mm. Hg (range 5 to 25 mm. H g ). The
rate of rise of intraventricular pressure
during the isovolumetric phase of systole
was 1494 mm. H g/sec. (range 714 to 1740)
postoperatively as compared to 1840 mm.
Hg/sec. (range 1444 to 3333) preoperatively. In the frame from a cineangiogram
taken at 48 hours (Fig. 4), the valve
appears perfectly competent. Ten of the

12 calves receiving homografts survived
operation and lived for over 24 hours.
Three calves died in the first week; one
from central nervous system damage, one
from the “low-output” syndrome and one
from aspiration. Seven survived for periods
from 7 to 25 days. The usual cause o f death
after one week was intractable pneumoen
teritis leading to dehydration.
Although small vegetations were fre
quently found on the annulus or papillary
muscles, bacteria were never demonstrable
on microscopic examination and blood cul
tures were positive in only two calves—
a Pseudomonas in each case.
Rupture of chordae tendineae was not
encountered. As shown in Fig. 5, the valve
leaflets remained thin and pliable. There
were no annular fistulas in this series. W hen
the three strips of fascia lata are brought
through to the outside of the ventricle, it
is essential that they be closely grouped
so that the autologous tissue will unite
firmly to the papillary muscle. Fig. 6
demonstrates the excellent union at this
junction after 10 days.
D iscussion

When homologous aortic valves from
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dogs 4 to 10 kg. heavier than the recipient
were placed in the left atrium above the
mitral annulus, they were competent, but
every dog developed atrial hypertension
from mitral stenosis. The valve significantly
reduced the capacity of the left atrium and
enlarging the atrium with a large peri
cardial patch did not lower the intra-atrial
pressures.25 The diameter of the aortic
valve is much smaller at the apex of its
commissures than at its annulus. Lower
et a V ’ 8 encountered only mild stenosis
when they used pulmonary valves. Mc
Kenzie et aZ.4 found this technique un
satisfactory when aortic valves were used,
and Hubka, Siska and Holec9 did not
record hemodynamic data when they did
similar transplants. The absence of mitral
stenosis and the excellent early results that
Ionescu et al.10’ 11 obtained when they
inserted heterograft aortic valves in man
are probably related to their technique of
scalloping the commissural edge of the
valve, to the use of the much larger porcine
valves, and to the large left atrial cavity in
patients with mitral valve disease.
Although, by the criterion of long-term
survival, our results with the transplanta
tion of the mitral valve complex have been
disappointing, they improved when we
changed the experimental animal and
added the technical modifications described
above. In the experiments on the 12 calves,
10 survived for over one day and 7 for
more than one week. Hemodynamically,
the measurements approached the normal
range and the angiograms showed that the
valves were completely competent. We
did not encounter fistulas at the annulus,
rupture of the chordae tendineae or papil
lary muscle dehiscence.
Four major problems must be overcome
to achieve a clinically useful replacement
of a mitral valve with a transplanted mitral
valve. First, the fixation of the annulus
must be secure and free from fistulas.
Second, the donor chordae tendineae must
be united securely to the recipient papillary
muscle. Third, the donor valves must be
available in a variety of sizes so that the
papillary junction can be placed at the
optimal site. Fourth, we must obtain long
term studies of the functional changes in
the transplanted valve which result from

Vol. 12

the loss of nerve and muscle tissue from
the valve leaflet.
The mitral valve must support a load of
approximately 75 tons per day.28 With
systole, the size of the mitral orifice is
reduced by 20% to 50% .27 These facts
suggest that the suture line at the annulus
should consist of interrupted sutures which
can be accurately placed and will not
loosen during systole. The annulus at the
base of the aortic leaflet of the donor mitral
valve is formed by the aortic root, intervalvular space, and the trigones; this tissue
is firm and fibrous and does not need rein
forcement. The annulus of the mural leaflet,
however, is a thin strand of collagen. Rein
forcing this area with a cuff composed of
the inner one-half of the adjacent atrial
wall produces a buttressed annulus which
is thicker and easier to suture securely.
Since we adopted this technique, we have
not encountered fistulas at the annulus.
The papillary muscle junction must be
secure. It has been estimated that each
papillary muscle must support a load of
19 tons per day.26 The muscular tissue of
the transplanted valve, in contrast to the
fibrous tissue of the chordae tendineae, is
subject to rapid disintegration and rejec
tion. The strength of this union must come
from firm attachment of the fibrous chordae
tendineae to the living muscle of the re
cipient.
The papillary muscle junction should
also function. In the papillary muscle, peak
tension is reached towards the end of
isovolumetric contraction—before the aortic
valve has opened.28 Its complicated func
tion during ventricular systole includes that
of approximating the mitral leaflets and
holding them together. The mitral valve
area of 10 sq. cm. is reduced to 5 sq. cm.
during systole.27 The close apposition of
50 % of the valve area ensures competence,
strengthens the valve, and tends to make
it self-supporting during the latter half of
systole (Fig. 7). With destruction of the
papillary muscles, the rate of rise of left
ventricular pressure during isovolumetric
contraction is reduced.2S>29 When the
papillary muscles are deprived of function,
by cutting the chordae tendineae as in
prosthetic valve insertion, they quickly
atrophy. The atrophy is easily visible in
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come partially self-supporting in systole due to
coaptation of 50% of their area (force = 75 tons
per 24 hours).

two days and is complete in one month.30
Seidel and Gross31 have shown that in
systole the papillary muscles not only sup
port the mitral valve, but also transfer the
force applied to the valve to the lateral
ventricular wall and aid in ventricular con
traction. Thus, preservation of papillary
muscle function is an important objective
in any satisfactory technique of mitral
valve replacement.
A consideration of these facts led to the
series of technical modifications described
in this paper. Although permanent fixation
of the graft to the ventricular wall can be
guaranteed by the technique of O’Brien
and Gerbode21 or that used by the pilot
experiments (Series II), the function of the
recipient’s papillary muscle is completely
destroyed. The technique of Pappas et
al.16-18 probably preserves papillary func
tion, but because the donor muscle disin
tegrated, the security of the union was
precarious, particularly in heterograft trans
plants.16
The technique described in this article—
a small cap of donor muscle with its
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attached chordae tendineae is securely
wrapped in fibrous tissue from the re
cipient animal—should unite the donor’s
chordae tendineae to the recipient’s papil
lary muscle by autologous tissue growth.
This union should occur more rapidly and
be more secure than that obtained with
allogenous or heterogenous tissue. As
shown in Fig. 8, this union is firm and
fibrous within 10 days.
The anatomy of the calf and human
papillary muscle is such that fewer than
one valve in three is suitable for transplan
tation with present techniques. Although
80% have a single anterior papillary
muscle, only 30% have a single posterior
muscle.32 The anterior chordae insertions
tend to be rectangular with four main thick
bands—one at each corner. Frequently,
smaller chordae insert along the cephalad
edge. The posterior papillary muscle tends
to be oblique and have three main chordae
inserted on it; one at its cephalad end and
two in line at its caudad end. Small
chordae insertions tend to be more numer
ous in the posterior papillary muscle, but
again they are mostly on the cephalad
edge (Fig. 9).
Because the arrangement of the chordal
insertions on the papillary muscles is com
plex, it is difficult to wrap these insertions
in autogenous tissue. However, with appro
priate tools and the use of either fascia
lata or pericardium, the procedure can be
performed within a reasonable interval.
With the current technique in which only
one band is brought out from the cap to
ensure firm caudad fixation to the external
surface of the ventricle, the procedure can
be performed within 30 minutes.
To ensure correct tension of the chordae
tendineae, several valves of varying size
must be available. The important measure
ment is from the midpoint of the chordal
insertions on each papillary muscle, to the
annulus directly cephalad. Once this dis
tance has been determined in the recipient,
an appropriate valve can be prepared for
insertion.
Because only one calf in three has a
valve that is suitable for this technique,
the donor valves were obtained from calf
hearts purchased from an abattoir. Because
calves from the abattoir were bigger, the
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Fig. 8.—This transplanted papillary button wrapped with autologous fascia lata has been
placed caudal to the recipient papillary muscle. Note the complete atrophy of the recipient papil
lary muscle in this 10-day survivor. Histologically, a healthy ingrowth of young fibroblasts is seen at
the junctional area with complete absence of an immune reaction. The donor muscle, encased in au
tologous fascia, has become necrotic and is being replaced by healthy fibroblasts (trichrome stain,
original magnification x 5).

donor valves were usually larger and had
longer chordae than the recipient, and the
junction to the ventricular wall was fre
quently somewhat caudad to the optimal
site. This produced the papillary atrophy
seen in Fig. 8. This problem can be over
come if the surgeon, using the recipient’s

Anterior

Posterior

Fig. 9.—Papillary muscle configuration. Four
main chordae are inserted in a rectangular base on
the anterior papillary muscle while three main
chordae are inserted in a triangular base on the
oblique posterior muscle. Smaller chordae are in
serted along the cephalad border and tend to be
more numerous on the posterior muscle.

papillary-to-annulus distance as a guide,
selects a donor valve of the correct size.
The donor chordae tendineae can then be
secured to the desired position on the
recipient’s papillary muscle. The use of a
single transfixion band of autologous tissue
should provide a secure anastomosis that
will not break down.
The excellent histological and hemody
namic data produced by the group at the
Mayo Clinic show that a mitral valve ho
mograft can function satisfactorily for as
long as six years,17 a period comparable to
the satisfactory clinical function of an aor
tic valve homograft for 11 years.2 Recent
studies have emphasized, however, that the
mitral valve leaflet is a much more com
plicated structure than the leaflets of the
aortic or pulmonary valve. It contains
cardiac muscle, afferent and efferent nerves,
blood vessels and lymphatics.33 In the
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transplanted valve, these structures cease
to function and this may reduce overall
cardiac efficiency. The ability of any trans
planted valve of this design to adapt to a
changing left ventricular size is also debat
able. Before a clinical trial is proposed,
light must be cast on these problems
through further experiments.
Summary

The mitral valve can be successfully
replaced by a homograft mitral valve com
plex. Fistulas at the annulus can be avoided
by reinforcing the weaker portion of the
annulus by a small cuff of atrial wall. By
wrapping a small cap of the donor’s papil
lary muscle-chordae junction with fibrous
tissue from the recipient, a firm and hope
fully functioning union is created with the
recipient papillary muscles.
Technically, mitral valve transplantation
is more difficult than aortic valve trans
plantation; a valve of the correct size must
be available if the papillary junction is to
be placed correctly. The ability of the valve
to adjust to varying ventricular volumes is
still debatable.
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HEART TRANSPLANTATION IN MAN
A complete autopsy report of the first
human heart transplant is presented. After a
clinical summary, there is an organ-by-organ
description of the gross and microscopic find
ings. Included are 10 photomicrographs of the
histologic changes.
Although preoperatively the patient had
severe edema resulting from cardiac decom
pensation, the autopsy findings were note
worthy in that there were no changes of
decompensation. There is good evidence that
cardiac function was well maintained.
The author points out the difficulty in estab
lishing the cause of the many pathologic
changes that were present. Five possible
underlying factors were mentioned: preopera
tive changes in the donor heart, damage that
occurred during surgical treatment, changes
from the terminal pneumonia, alterations sec
ondary to immunosuppressive therapy, and
changes resulting from graft rejection as modi
fied by drug therapy.
Changes noted in organs other than the
heart included fat necrosis in and adjacent to
the pancreas, and plasma cells in bone mar
row, spleen, lymph nodes, pancreas, and
portal tracts of the liver. No vasculitis was
demonstrated in any organ other than the
heart.
Six changes were described in the heart and
each of these was discussed in an attempt to
define a cause. These changes were organ
izing fibrinous pericarditis with underlying
cellular infiltration and proliferation, loss of
myocardial nuclei and transverse striations,
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R esu m e

II est parfaitement possible de reparer la valvule
mitrale par une homeogreffe. On peut eviter le
risque de fistule dans l’anneau (de Vieussens) en
renforgant la portion la plus faible par une
bande de la paroi de l’oreillette. Pour realiser une
union ferme et fonctionnelle avec les muscles papillaires du receveur, on emploie une technique
consistant a envelopper de tissu fibreux une minime portion de la jonetion des muscles papillaires
avec les cordons tendineux du donneur.
Du point de vue technique, le remplacement de
la valvule mitrale est plus difficile a realiser que
la transplantation de la valvule aortique et on doit
pouvoir disposer d’une valvule de dimension convenable si l’on veut reussir a placer correctement la
jonetion papillaire. La propriete de la valvule de
s’adapter a des volumes ventriculaires variables
est encore sujette h discussion.

foci of collapse fibrosis secondary to recent
death of myocardial fibres, infarct-like ne
croses in the atria, edema and cellular infiltra
tion of the myocardium, and foci of necrotizing
arteritis in the ventricles.
The death of this patient was believed to
be a result of extensive bilateral pneumonia.
Rejection was not the cause of death. Al
though some microscopic evidence of rejection
was described, it was mild and did not affect
cardiac function— Thomson, J. G.: Heart
transplantation in man: necropsy findings,
Brit. Med. J., 2: 511, 1968.

CARDIAC VALVE REPLACEM ENT
IN T H E CH ILD
The principles that influence the decision
to replace a cardiac valve in children are: that
the clinical condition be such that surgical
intervention is necessary, and that the valve
disease be such that conservative procedures
are impossible.
Four patients are presented; the aortic valve
was replaced in one, the mitral valve in two,
and both valves in one patient. These resulted
from congenital valvular defects, rheumatic
fever, and subacute bacterial endocarditis. In
all patients, the replaced valve was beyond
anatomic repair.
The indications and surgical considerations
in valvular replacement in children are dis
cussed.— Windsor, H. M. and Shanahan, M.
X.: Cardiac valve replacement in the child,
Med. J. Amt., 1: 649, 1968.
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All communications concerning this Journal
should be marked “The Canadian Journal of
Surgery” and addressed to the Editor, C.M.A.
Publications, at C.M.A. House. 150 St. George
St., Toronto 5.
The Journal is published quarterly. Subscrip
tion is $10 per year ($5 per year for trainees
in surgery), and starts with the January issue
of each year. Single copies are $2.50 each, pay
able in advance. (It would be greatly appre
ciated if subscribers would please add bank
exchange to their cheques.)
IN STR U CTIO N S TO CO NTRIBUTORS
M anuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in T he
C anadian Journal of Surgery. Acceptance
is subject to the understanding that they
are submitted solely to this Journal, and
will not be reprinted without the consent
of the author and the publishers. Accept
ance or rejection of contributions will be
determined by the Editorial Board. As
space is available, a limited number of
case reports will be published. Articles
should be typed on one side only of un
ruled paper, double-spaced, and with wide
margins. The author should always retain a
carbon copy of material submitted. Every
article should contain a summary of the
contents. The Concise Oxford Dictionary
will be followed for spelling. Dorland’s
Illustrated Medical Dictionary will be fol
lowed for scientific terminology. The Edi
torial Board reserves the right to make the
usual editorial changes in manuscripts, in
cluding such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of T he Canadian Journal of
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations of such proofs to a
minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

R eferen ces
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals; title of the article; abbreviated journal
name; volume number, page number and
year. The abbreviations of journal names
should be those used by the National
Library of Medicine, Washington, D.C., as
published in Index M edicus. References to
books should include in order: author’s
name and initials; title of book; number of
edition (e.g. 2nd ed .), title of publishing
house; city of publication; year of publica
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10"
x 8". Prints of radiographs are required
and not the originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
Language
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of the language of submission. If the
contributor wishes, he may submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a l’Editeur, Publica
tions de l’A.M.C., 150 St. George Street,
Toronto 5.
Le journal est publie trimestriellement. Le
prix de l’abonnement est de $10. par an ($5.
par an pour les medecins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d’une lettre deman
dant qu on veuille bien considerer leur publica
tion dans L e journal canadien d e chirurgie. Us
ne seront acceptes qu a la condition qu’ils
n’aient ete soumis qu’a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de l’editeur et l’auteur. L’acceptation
ou le refus des articles soumis releve du Conseil de la publication. Si la place est disponible,
un nombre limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul cote d’un papier non ligne, a double
espace et avec une large marge. L’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changements qu’il jugerait a propos pour assurer la
correction grammaticale et l’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jour
nal canadien d e chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur ait ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
Tires-a-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de 1’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

B ibliographie
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
l’auteur et ses initiales, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans I’Index M edicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans 1’ordre: le nom de l’auteur, ses initiales,
le titre de 1’ouvrage, le numero de 1’edition (p. ex. 2eme ed.), le nom de la
maison d’edition, la ville ou elle est situee et
l’annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier graluitement
un nombre raisonnable d’illustrations en non
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de l’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8" x 10". En ce qui conceme les radiographies, nous demandons des
copies et non pas Toriginal. On devra toujours
fournir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a 1’encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra Stre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylo
graphies sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en franeais ou en anglais, a leur choix.
L’acceptation de l’article sera entierement inde
pendante de la langue choisie par l’auteur. Si
le collaborateur le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue differente
de la langue choisie pour 1’article lui-meme.
Par exemple, un article ecrit en franeais doit
comporter un resume en frangais et peut, si
l’auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.

158

THE CANADIAN JOURNAL OF SURGERY

BOOK

Vol. 12

REVIEWS

AN ATLAS OF SURGERY OF THE FACE,
MOUTH, AND NECK. Robin M. Rankow. 292
pp. Illust. W. B. Saunders Company, Phila
delphia; W. B. Saunders Company Canada
Limited, Toronto, 1968. $27.00.

Dr. Rankow’s atlas is a welcome addition to
this particular field. One is immediately im
pressed by the high quality of the illustrations
as well as their accuracy. The principles that
he outlines are sound and the detail is more
than adequate. All facets of the field are cov
ered from the common tori to the less common
cysts, and from the smallest wedge resection
of the lip to the major procedures for malig
nancy.
The statement on page 8 that, “displaced
malposed posterior fragments beyond the den
tal arch are best controlled by direct internal
wiring for primary fixation”, might lead the
uninitiated to think that this treatment should
be applied to the majority of condyle neck
fractures as well. Rather than being a chron
ology of the author’s own particular proced
ures, this book depicts operations that are
standard and in widespread use. There is no
doubt that students, residents, and practition
ers of surgery of the face, mouth, and neck
would find this a welcome addition to their
library.
CANCER THERAPY BY INTEGRATED RADIA
TION AND OPERATION. Edited by Benjamin
F. Rush, Jr. and Robert H. Greenlaw. 167 pp.
Illust. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1968.
$15.25.

This book is the record of a symposium held
at the University of Kentucky on September
9, 1966. The purpose of this meeting was to
clarify the areas of agreement and disagree
ment between surgeons and radiotherapists
and, hopefully, to achieve some insight into
ways to increase the survival of cancer pa
tients by combining the contributions of these
two disciplines.
The first section deals with the basic aspects
of preoperative radiation. Two experimental
papers demonstrate the efficacy of preoperative
irradiation in two mouse tumour systems. How
ever, the discussants aptly draw attention to
the biological complexities of irradiation upon
both tumour and host and note that the results
of animal experimentation cannot be extrapo
lated readily to patients.
The second section deals with the specific
solid tumours known to respond to irradiation,
such as tumours of the head and neck, eso
phagus, lung, breast, colorectum, bladder, and
the uterine cervix and endometrium. As is
usual in papers presented at such meetings,
there is a diversity of opinion regarding the
efficacy of combining the two methods in the

treatment of these tumours. This tends to be
confusing but the more experienced reader
will find that this collection is an excellent
reference to the results (both good and bad)
obtained with preoperative radiotherapy and
operation at different centres in the United
States. These studies demonstrate that the in
cidence of local recurrences is reduced by com
bined therapy but give no reliable data to
indicate that survival rates have been influ
enced by this method.
That none of these results can be compared
with those from other centres, indicates clear
ly that some form of universal randomized
protocol must be adopted for clinical investi
gations of this nature.
The frustrating end results of some of these
excellent clinical trials emphasize the view
point that W. E. Powers expresses in the first
chapter: “What is required in addition to im
proved utilization of present treatment tech
niques is a conceptual change in our thera
peutic approach.”
LA CHIRURGIE ENDOCRINIENNE MAJEURE
DANS LE TRAITEMENT DU CANCER DU
SEIN EN PHASE AVANCEE. Major Endocrine
Surgery for the Treatment of Cancer of the
Breast in Advanced Stages. Colloque Interna
tional de Lyon. Edited by M. Dargent and C.
Romieu. 329 pp. Illust. Simep Editions, Lyon,
France, 1967. Price not stated. Paperbound.

This book is a compilation of the papers given
at an international symposium held in Lyon
in May 1966. In general, each paper is the
result of a study conducted on a group of pa
tients in a given institution. The authors are
highly specialized in metastatic cancer of the
breast and are authorities in their respective
fields.
In the first section, the first chapter assesses
the indications, techniques and results of
adrenalectomy. All authors agree that adrenal
ectomy has some merits in palliating the dis
ease, but the factors influencing the selection
of patients and results of treatment are still
not uniform. The second chapter, which evalu
ates adrenal-splenic transplantation, is shorter
and less informative. In the third chanter, both
the surgical excision of the hypophysis and
yttrium-90 implant are discussed. Workers in
different centres prefer one or the other ap
proach and have not yet agreed on the best
treatment.
The second section deals with the different
biological factors related to breast cancer. Al
though the definite answer in this important
area is not given here, many pertinent findings
are considered, and the many fields in which
further research is needed are brought to the
reader’s attention.
The last section compares the results of
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medical and surgical treatments. Surgical
treatment seems to have more advantages than
medical ( hormone) therapy although these are
not always significant or accepted by all con
tributors.
Finally, this book should be looked upon
not as a monograph but as a collection of
papers given at a meeting. It is not to be
read from cover to cover but can be a good
source of reference.
A HANDBOOK OF OPERATIVE SURGERY OF
THE BREAST. Harry W. Southwick, Danely
P. Slaughter and Loren J. Humphrey. 229 pp.
Ulust. Year Book Medical Publishers, Inc., Chi
cago, 1968. $10.45.

The volume is meant to be a handbook of the
operative management of breast diseases. It is
intended for surgical trainees and general sur
geons whose contact with diseases of the breast
is limited.
Opening chapters on the anatomy of the
breast are followed by ones on physical ex
amination and mammography. The authors ap
pear to have been highly impressed with the
value of mammography because it is given
three times the space allotted to physical ex
amination.
Subsequent chapters deal with the authors’
technique in all of the commonly performed
breast operations, as well as oophorectomy,
adrenalectomy (left adrenalectomy is omitted),
forequarter amputation, mammoplasties, skin
grafting and regional perfusion.
Almost every other page consists of line
drawings which supplement the text. These
illustrations are excellent except where they
are supposed to depict the relations of deep
vessels and nerves.
However, trainees should be suspicious of a
book that does not provide properly analyzed
results or list references. Moreover, no disorder
can be treated adequately unless the therapist
has a contemporary concept of the disease, and
knows and appreciates its natural history. Text
books are available which provide this knowl
edge of breast cancer as well as the technical
aspects which, anyway, are among the simplest
in general surgery.
L IFE AFTER F IF T Y : THE PROSTATIC AGE.
Henry M. Weyrauch. 175 pp. Ulust. The Ward
Ritchie Press, Los Angeles, 1967. $6.95.

In 1959, the publication of Dr. Weyrauch’s
“Surgery of the Prostate” provided the urologi
cal surgeon with a text that has become a
classic on this subject. Every urological resi
dent has thumbed his copy countless times.
“Life After Fifty: The Prostatic Age” pro
poses to be the perfect sequel on this greatly
misunderstood subject, not only for the layman
but for the family physician. As a urologist
reads through these chapters, he will wish for
five or six copies that can be kept on hand to
circulate among his patients.
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As Dr. Weyrauch takes his reader, chapter
by chapter, through the normal and abnormal
anatomy, physiology and psychological aspects
of the urinary and genital tract, his delightful
sense of humour glistens from every page.
Spicy anecdotes, cartoons and well-labelled
simplified line drawings are profusely em
ployed. They reinforce the wisdom of Dr.
Weyrauch’s long experience which he succinct
ly conveys to the reader on the subjects of
disturbances of urination, sexual malfunction
and cancer of the prostate gland.
In recent years the popular press has done
a good job by reducing the fear of prostatic
disease and the distrust of the urologist by the
public. This book adds the finishing touch to
this favourable publicity.
The prospective patient or his relative ob
tains an insight into the “after fifty” problems
which will save hours of painstaking explana
tion by the urologist or family physician. From
the knowledge he gleans from these pages, the
family physician will be able to confidently dis
cuss these subjects with the patient, his wife
and his family.
The chapters on “Sex After Fifty”, “Sex
After Prostatectomy” and “Carcinoma of the
Prostate” are handled in an outstanding man
ner.
Dr. W eyrauch makes his points so emphatic
ally that his material is pleasantly digested and
vividly imprinted on the reader’s memory for
all time. But the physician will want to be able
to circulate this book to his patients to illu
minate their “water” and “private” problems.
Urodynamics are outlined in plain and often
humorous language. It will serve as an ad e
quate primer on urinary tract disease to the
medical student and intern.
One of the nicest things that could happen
to every urologist in the country is that this
text attain paperback status. It would then be
in the pocket of every man who is on the
threshold of the “golden years”.
NEURORADIOLOGY WORKSHOP. Vol. I ll :
Non-Neoplastic Intracranial Lesions. Leo M.
Davidoff, Harold G. Jacobson and Henry M.
Zimmerman. 577 pp. Illust. Grune & Stratton,
Inc.. New York; The Ryerson Press, Toronto,
1968. $43.45.

The first two volumes in this series dealt with
craniocerebral, non-neoplastic tumours. The
present work has six chapters covering con
genital anomalies, trauma, infection, vascular
anomalies, degenerative diseases and diseases
of unknown etiology. The final volume will
deal with diseases of the spine.
The presentation is that of edited tape re
cordings of the combined neurosurgical, neuropathological and neuroradiological rounds at
Montefiore Hospital. As such, it makes inter
esting reading and one can gain some insight
into the quality and character of the speakers,
and also savour the atmosphere of the confer-
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ence. That is perhaps more important for
those who have worked and trained at Montefiore. However, this technique imposes a seri
ous loss of brevity, clarity, and completeness.
It is necessary to peruse a relatively large mass
of material to extract the essential information.
The present volume runs to 570 large pages
(although radiographs and photographs take
perhaps one-half of the space). The cost of
producing such a work is high and we must
question whether the information could not
have been provided in a form less expensive
in both time and money.
The reproduction of the many radiographs
is adequate but not always of the quality that
one would expect in a primarily neuroradiological treatise. Much space could have been
saved by using smaller (and sharper) repro
ductions.
This volume can be recommended as good
reading for those already familiar with the
subject. The specialist will undoubtedly find
some different viewpoints and occasionally a
new approach to an old problem. It is not a
good primer for the resident training in neuroradiological sciences. It should not be consid
ered a complete reference work.
ORR’S OPERATIONS OF GENERAL SURGERY.
4th ed. George A. Higgins. 861 pp. Must. W.
B. Saunders Company, Philadelphia; W. B.
Saunders Company Canada Limited, Toronto,
1968. $29.20.

This new edition of an old and familiar text
is very welcome. New sections and new addi
tions to the text have improved it tremendous
ly and have made it a useful book for the
modern student. In addition to including most
of the tried and true procedures in surgery,
this edition also includes nearly all of the new
er operations, giving excellent descriptive ma
terial together with remarkably clear and use
ful illustrations. In the small compass of
slightly over 800 pages, this text gives an
overall view of the techniques of general sur
gery and includes some techniques of certain
subspecialties.
This book would be exceptionally useful to
interns, to residents taking surgical training,
and to practitioners who require a reference
text that gives an overall view of many of the
techniques of general surgery.
REHABILITATION IN EXTREM ITY FRAC
TU RES. Eugene Moskowitz. 150 pp. Must.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1968. $10.25.

This monograph brings together the basic prin
ciples employed in the restoration of function
in extremity fractures. It is particularly de
signed for orthopedic surgeons, general sur
geons and general practitioners. Physiatrists
and physical therapists also will find it of con
siderable value. Much of the material present
ed in this book has appeared in other text
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books in fragmented form and its inclusion in
a single volume is timely.
The “pulses” profile is extremely valuable in
assessing the ultimate objective of rehabilita
tion of various patients according to their age
and other limitations. Various modalities used
in restoring function, along with their limita
tions, are well described and illustrated. The
book is organized in such a fashion that, to
gether with a good index, it can easily be
used in reference form.
The author, however, states specifically that
rehabilitation as described in the monograph
should only be undertaken after the fracture
or dislocation has healed. Many readers will
regret that the author did not lay more empha
sis on the value of the rehabilitation that b e
gins as soon as the fracture is reduced and
immobilized. This reviewer believes that the
author agrees with this concept, but unfortu
nately the book does not convey this impres
sion in any emphatic form.
There is no doubt, however, that this book
will be valuable to all who treat injuries of
the locomotor system; whether the physician
is practising in a large centre or a small com
munity, the teachings of this book, when ap
plied carefully to the patient, cannot but im
prove the end result.
RETAINING LIGAMENTS OF THE DIGITS OF
THE HAND. Gross and Microscopic Anatomic
Study. Lee W. Milford, Jr. 60 pp. Must. W. B.
Saunders Company, Philadelphia; W. B. Saun
ders Company Canada Limited, Toronto, 1968.
$14.05.

Dr. Milford presents a complete study of the
gross and microscopic anatomy of the retaining
ligaments of the fingers. He discusses the
similarities and differences of his anatomical
findings and those of other original investi
gators. The author’s description of Grayson’s
and Cleland’s ligaments, and the peritendinous
cutaneous and retinacular ligaments is clear,
detailed and concise. He has successfully elimi
nated much of the confusion that has sur
rounded these structures in the past.
The quality of the schematic drawings,
colour photographs and photomicrographs is
exceptional. The placement of the illustrations
in the final pages of the text creates an
awkward “hurdle” for the reader and detracts
slightly from the continuity of the author’s
presentation.
This technical book is brief, yet compre
hensive and well illustrated and will benefit
even the undergraduate student. However, the
specific nature of the contents would limit its
value primarily to the hand-surgery consultant
and basic anatomist.
SCOLIOSIS. J. I. P. James. 248 pp. Must. E. &
S. Livingstone Ltd., Edinburgh and London;
The Macmillan Company of Canada Limited.
Toronto, 1967. $8.80.
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It is always a privilege to read a book on a
subject in which the author has so much
experience and applies the scientific approach
to his topic. Professor James’ monograph on
scoliosis is a well-organized detailed discussion
that expresses clearly his views about his man
agement of lateral curvature.
He begins by defining his terminology and
goes on to discuss, in well-organized chapters,
the whole problem of scoliosis. After all author
ities in the field are referred to and given
credit for their contributions, the author com
pletes many discussions with his own original
work. The chapter on infantile idiopathic
scoliosis records a unique experience that no
North American surgeon could duplicate. He
puts the term “kyphoscoliosis” in its proper,
very limited, place and brings up many inter
esting points on paralytic curves. This re
viewer was interested to note that among 3000
patients with scoliosis, only two were due to
cerebral palsy.
This monograph records Professor James’
many years of experience in scoliosis. He has
been slow to accept Harrington rods, which
have become a standard form of primary treat
ment in so many North American centres. He
also avoids any discussion of correction and
fusion for cosmetic reasons alone—an important
consideration to many patients and their sur
geons on both sides of the Atlantic.
LA SPHINCTEROTOM IE D E L ’ODDI EN
CHIRURGIE BILIA IR E. Indications—Tech
niques—Resultats. Andre A. Arianoff. 148 pp.
Illust. Librairie Maloine S.A., Paris and Editions
Arscia S.A., Brussels, 1968. 300 FB $6.00 (ap
prox.). Paperbound.

In this monograph, the author, a surgeon of
vast experience, has reviewed the controversial
subject of division of the sphincter of Oddi.
The topic is approached from the experience
of prominent surgeons throughout the world
(who were canvassed by a questionnaire), the
indications and contraindications, diagnostic
methods, surgical techniques, morbidity and
mortality, and long-term results. An interesting
classification of “Oddities” includes primary
stenosis or secondary stenosis due to biliary
disease, duodenal ulcer, pancreatitis, meta
bolic disorders, and psychosomatic causes. The
incidence with which sphincterotomy was per
formed when the primary operation was simple
cholecystectomy ranged from less than 1% to
45.8%. The author did sphincterotomy in this
circumstance in 15% of 2304 patients. If the
patient had common bile duct stones, these
figures increased to from 2.7% to 91%. The
author performed a sphincterotomy in 45% of
527 such patients.
Cholangiography and manometry were re
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lied upon for diagnosis of stenosis. In addition
to stenosis, small stones or impacted stones
in the common bile duct were indications for
sphincterotomy.
The author is enthusiastic about sphincter
otomy. He has achieved low morbidity and
mortality rates and very good long-term results
to support his viewpoint.
The book is nicely written and has a complete
bibliography which acknowledges that Archi
bald of Canada did the first transduodenal
sphincterotomy in 1913.
PHYSIOLOGICAL PRIN C IPLES O F GASTRIC
SURGERY. Harry A. Oberhelman, Jr. 9 5 pp.
Illust. Charles C Thomas, Publisher, Springfield,
III.; The Ryerson Press, Toronto, 1968. $9.00.

Only an author erudite in the complexities of
gastric physiology and expert in the practical
problems of clinical surgery could attempt the
comprehensive integration of these two disci
plines in a thin monograph of 91 pages. Dr.
Oberhelman’s outstanding success in this vol
ume attests to his expertise. His unstated
theme is that good clinical care of gastric
disease rests solidly only on a foundation of
understanding of gastric function, normal
and pathological. With this theme permeating
the book, the principles of the physiology of
secretion and motility of the stomach are
reviewed, as understood at present, and many
areas of ignorance pointed out. In an admirably
complete and succinct fashion, the etiology of
benign gastroduodenal disease, the indications
for operative treatment, the relative merits of
acceptable procedures, and the mechanisms
and management of sequelae are discussed in
the light of these physiological principles.
A large amount of information has been
clearly presented in a small space in a wellwritten and rigidly-edited text. This book will
be valuable to the practising surgeon and in
valuable to candidates for specialty examin
ations.
Inevitably, however, there are minor faults.
Information on gastric absorption and on
mucosal competence are examples of interest
ing physiological facets without immediate
surgical application that have been excluded.
In a few places, rapidly advancing knowledge
has overtaken the content of the book probably
while it was in press, for example, the recent
proof that Zollinger-Ellison tumours contain
and secrete true gastrin. Possibly the author’s
personal involvement in more recent physiolog
ical investigation has influenced his emphasis
on particular aspects.
The final, brief chapter on reflux esophagitis
which departs from the main theme, does not
reflect the author’s personal authority that is
so characteristic of this excellent book.
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B ooks R eceived
Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
Advances in Surgery. Vol. 3. Edited by Claude
E. Welch. 403 pp. Illust. Year Book Medical
Publishers, Inc., Chicago, 1968. $16.50.
An Atlas o f Pelvic Operations. 2nd ed. Langdon
Parsons and Howard Ulfelder. 448 pp. Illust. W.
B. Saunders, Company, Philadelphia; W . B.
Saunders Company Canada Limited, Toronto,
1958. $25.95.
Bronchial Carcinoma. B. T. Le Roux. 144 pp.
E. & S. Livingstone Ltd., Edinburgh and London;
The Macmillan Company of Canada Limited, 1 oronto, 1968. $5.60.
Chirurgie plastique cutanee de la main chez
l’enfant et l’adulte. R. Vilain and J. Michon. 158
pp. Illust. Masson et Cie, Paris, 1968. 59F. $13.00
(approx.). Paperbound.
Diagnostic Bronchoscopy. An Introduction. Peter
Stradling. 104 pp Illust. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1988. $9.75.
Das EKG nach Operationen am Herzen und an
den grossen Gefassen. Ernst Kriehuber. 256 pp.
Illust. Intercontinental Medical Book Corp., New
York; Georg Thieme Verlag, Stuttgart, West Ger
many, 1968. DM 98,00. $26.65 (approx.).
Les entretiens de Bichat. Chirurgie et Specialites,
1968. P.-L. Chigot, A. Beilin and others. 323 pp.
Expansion Scientifique Frangaise, Paris, 1968.
Price not stated.
Evaluation of Results of Cardiac Surgery. Re
port of a Symposium of the Fifth W orld Congress
of Cardiology, November 3, 1966, New Delhi,
India. American Heart Association Monograph
Number Twenty-Two. Edited by Lewis Dexter
and Lars Werko. I l l pp. Illust. American Heart
Association, Inc., New York, 1968. $4.00 (U.S.
funds). Paperbound.
Face-Lift Operation. John Conley. 122 pp.
Illust. Charles C Thomas, Publisher, Springfield,
111.; The Ryerson Press, Toronto, 1968. $12.50.
Die gesunde und die kranke Wirbelsaule in
Rontgenbild und Klinik. Georg Schmorl and
Herbert Junghanns. 556 Dp. Illust. Intercontinental
Medical Book Corp., New York; Georg Thieme
Verlag, Stuttgart, West Germany, 1968. DM
110,00’. $29.90 (approx.).
Intra-Uterine Development. A. C. Barnes. 530
pp. Illust. Lea & Febiger, Philadelphia; The Mac
millan Company of Canada Limited, Toronto,
1968. $20.00.
An Introduction to Clinical Anatomy by Dis
section of the Human Body. R. D. Laurenson. 522
pp. Illust. W . B. Saunders Company, Philadelphia;
W B Saunders Company Canada Limited, Tor
onto, 1968. $10.30.
Lesions traumatiques des tendons de la main.
J. Michon and R. Vilain. 107 pp. Illust. Masson
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et Cie, Paris, 1968. 39F. $8.60 (approx.). Paperbound.
Lung Transplantation. Max J. Trummer and
Paul Berg. 122 pp. Illust. Charles C Thomas,
Publisher, Springtield, 111.; The Ryerson Press,
Toronto, 1968. $10.25.
May and Worth’s Manual of Diseases of the
Eye. 13th ed. T. Keith Lyle, Alexander G. Cross
and Charles A. G. Cook. 79d pp. Illust. Bailliere,
Tindall & Cassell, London; 1he Macmillan Com
pany of Canada Limited, Toronto, 1988. $11.25
Nouveau traite de technique chirurgicale. Tome
X. CEsophage—Estomac—Duodenum—Diaphragme,
R. Devm, J. Lataste and P. Maillet. 720 pp. Illust.
Masson et Cie, Paris, 1988. Price not stated.
Die operative Behandlung der progressiv chronischen Polyarthritis. Norbert Gschwend. 219 pp.
Illust. Intercontinental Medical Book Corp., New
York; Georg Thieme Verlag, Stuttgart, West Ger
many, 1968. DM 98,00. $26.65 (approx.).
Orr’s Operations of General Surgery. 4th ed.
George A. Higgins. 861 pp. Illust. W . B. Saunders
Company, Philadelphia; W. B. Saunders Company
Canada Limited, Toronto, 1988. $29.20.
Praxis der Intensivbehandlung. Edited by Peter
Lawin. Various contributors. 485 pp. Illust. Inter
continental Medical Book Corp., New York; Georg
Thieme Verlag, Stuttgart, West Germany, 1968.
DM 80,00. $21.75 (approx.).
Proceedings of the Symposium on Combined
Injuries and Shock, Uppsala, June 3-6, 1967. Intermedes 1967, Vol 1. Edited by Bo Schildt and
Lars Thoren, 311 pp. Illust. Forsvarets Forskningsanstalt, Stockholm, 1968. Price not stated.
Reconstructive Anatomy. A Method for the
Study of Human Structure. Maurice Arnold. 529
pp. Illust. W. B. Saunders Company, Philadelphia;
W. B. Saunders Company Canada Limited, Tor
onto, 1988. $11.65.
A Second Portfolio of Chest Radiographs. For
Undergraduate and Postgraduate Students. B. T.
Le Roux and T. C. Dodds. 444 pp. Illust. E. & S.
Livingstone Ltd., Edinburgh and London; The
Macmillan Company of Canada Limited, Toronto,
1968. $16.00.
Shefts’ Initial Management of Thoracic and
Thoraco-Abdominal Trauma. 2nd ed. Thomas H.
Hewlett. 130 pp. Illust. Charles C Thomas, Pub
lisher, Springfield, 111.; The Ryerson Press, Tor
onto, 1968. $13.25.
La sphincterotomie de l’Oddi en chirurgie biliaire. Indications—Techniques—Resultats. Andre
A. Arianoff. 148 pp. Illust. Librairie Maloine S.A.,
Paris and Editions Arscia S.A., Brussels, 1968. 300
FB $6.00 (approx.). Paperbound.
Surgery in the Hemophiliac. T. J. Tarnay. 131
pp. Illust. Charles C Thomas, Publisher, Springfield 111.; The Ryerson Press, Toronto, 1968.
$14.00.
Surgery of Repair as Applied to Hand Injuries.
3rd ed. B. K. Rank, A. R. Wakefield and J. T.
Hueston. 350 pp. Illust. E. & S. Livingstone Ltd.,
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Edinburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1968. $12.00.
Surgery of the Acute Abdomen. 2nd ed. John A.
Shepherd. 741 pp. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1968. $17.75.
Surgery of the Head and Neck. A Handbook of
Operative Surgery. 3rd ed. Robert A. Wise and
Harvey W. Baker. 379 pp. Illust. Year Book
Medical Publishers, Inc., Chicago, 1968. $12.10.
Surgical and Allied Malpractice. Bernard J.
Ficarra. 1234 pp. Charles C Thomas, Publisher,
Springfield, 111.; The Ryerson Press Toronto, 1968.
$72.00.
Surgical Principles. James Moroney and Francis
E. Stock. 371 pp. Illust. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1968. $10.50.
A Technic for Exl racorporeal Circulation. Ray
mond C. Stofer. 115 pp. Illust. Charles C Tliomas,
Publisher, Springfield, 111.; The Ryerson Press,
Toronto, 1988. $8.00.
A Textbook for Midwives.
Myles. 792 pp. Illust. E. &
Edinburgh and London; The
of Canada Limited, Toronto,

6th ed. Margaret F.
S. Livingstone Ltd.,
Macmillan Company
1968. $7.95.

Tumors of the Large Bowel. Raymond J. Jackman and Oliver H. Beahrs. (Vol. 8 in the series
Major Problems in Clinical Surgery.) 379 pp. Illust.
W. B. Saunders Company, Philadelphia; W . B.
Saunders Company Canada Limited, Toronto,
1968. $14.60.

UNIVERSITY OF TORONTO
Faculty of Medicine
D IV ISIO N OF

POSTGRADUATE MEDICAL
EDUCATION
and
The Orthopedic Division of the
Department of Surgery
with
Workmen's Compensation
Board Ontario
offer

FRACTURES AND
ASSOCIATED TRAUMA
M arch 20, 21, 22, 1969
Theme:
O R TH O PED IC D ISABILITY
IN IN DU STRY
For further inform ation contact
The Director,
D ivision o f Postgraduate
M edical Education,
174 St. G eo rge St., Toronto 5.
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NOTICES
MANAGEMENT O F MALIGNANT
DISEASE
The Committee on Postgraduate Medi
cal Education, Montreal General Hospital,
will offer a postgraduate course in The
Management of Malignant Disease, March
27-29, 1969.
The course will review the manage
ment of malignancies commonly seen in
practice, and is designed for the instruc
tion of physicians and surgeons responsible
for the care of patients with these prob
lems. The 2V2-day course will consist of
lectures, demonstrations and discussions.
Specific symposia have been arranged
for (a) Treatment of Carcinoma of the
Breast, (b) Treatment of Carcinoma of the
Head and Neck, (c) Treatment of Carci
noma of the Genitourinary Tract.
Round-table luncheon discussions on as
signed topics in groups of 10 to 12 people
will take place.
Faculty will consist of members of the
Departments of Medicine, Surgery, and
Radiology of the Montreal General Hos
pital, and of the Department of Pharma
cology and Therapeutics of McGill Uni
versity. The tuition fee is $75.00.
Requests for further information and
for application forms should be addressed
to Dr. J. Lestei McCallum, Chairman,
Postgraduate Board, Room 647, Montreal
General Hospital, Montreal 109, Que.
ORTHOPEDIC D ISA BILITY IN
INDUSTRY
The Division of Postgraduate Medical
Education of the University of Toronto
and the Orthopedic Division of the D e
partment of Surgery, with the support of
the Workmen’s Compensation Board of
Ontario, will offer a course on Orthopedic
Disability in Industry on March 20-22,
1969.
The guest faculty will be: Carl Hirseh,
Goteberg, Sweden, Laurens Rowe, Roches
ter, New York and G. T. Dutoit, Pretoria,
South Africa.
Further information can be obtained
from the Director, Division of Postgradu
ate Medical Education, 174 St. George
Street, Toronto 5, Ont.
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